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Introduction 


Robert Roberts, MD 


he benefit of intravenous thrombolytic therapy in 
“acute myocardial infarction (MI) has been firmly 
established by national and international clinical 
rials. Thrombolysis induced within the early hours of the 
of infarction is associated with limitations of infarct 
s, improved ventricular function, and a low hospital 
orbidity. However, soon after the initial trials, it be- 
came clear that lysis induced by thrombolytic therapy 
was followed by a significant incidence of reinfarction 
(10%), just as was observed with the putative spontaneous 
is that occurs with non-Q-wave infarction. The need 
for adjunctive therapy was appreciated and a significant 
reduction in reinfarction was observed with aspirin. 
| Recent studies suggest that heparin may reduce the 
lusion rate after thrombolysis in patients receiving 
binant tissue-type plasminogen activator (rt-PA). 
going research has also identified potential adjunctive 
gies for future study that may shorten the time to 
mbolysis and prevent reocclusion. Among these 
ents are thrombin, platelet and small peptide inhibi- 
rs, factor VIIa complex, monoclonal antibodies to 
platelet glycoprotein IIb/IIIa, and activated protein C. In 
addition, some studies have suggested that 8 blockers, 
calcium antagonists, angiotensin-converting enzyme in- 
bitors, and: nitrates also may be useful adjuncts to 


When thrombolytic therapy was first introduced, it 

as administered through the intracoronary route, and it 
became standard practice to administer heparin, proba- 
to avoid catheter-related problems. It then became 

it that intravenous administration was an effective 
ernative that would also minimize complications. In 

e absence of data from a prospective clinical trial, phy- 
cians continue to administer heparin with the conviction 

t it prevents reocclusion and, based on clinical data 

and rational empiricism, aspirin was added in the hope of 
pr renting platelet aggregation and rethrombosis. The 
of the Second International Study of Infarct Sur- 


| (ISIS-2) indicated improved survival in patients 


who received aspirin in conjunction with a thrombolytic 
agent. The results of several trials showing significant 
benefit in patients with ischemic cardiac disease, includ- 
ing unstable angina, further solidified the recommenda- 
tion that aspirin be a part of routine postthrombolytic | 
therapy. The most recent study by Theroux et al of p 
tients with unstable angina shows marked reduction in 
the incidence of reinfarction with aspirin and a simil 
benefit with heparin and is relevant because a significant | 
proportion of patients with unstable angina exhibit coro- 
nary thrombi. In the recent American College of Cardi 
ogy/ American Heart Association (ACC/AHA) guide- 
lines on the early management of patients with acute MI 
it is recommended that aspirin be administered (160 n 
immediately and continued on a daily basis indefinitely) 
in patients receiving thrombolytic therapy. 

The role of heparin as an adjunctive treatment du 
and after thrombolytic therapy for acute MI rem 
highly controversial. Interest in this topic intensified aft 
the publication of the Second Gruppo Italiano pe 
Studio della Sopravvivenza nell’Infarto Miocardico | 
study, which reported that the addition of heparin to 
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mpted the statement, in a recent review by Yusuf et al, 
‘at present, adjunctive heparin therapy is not indi- 
ted in patients with acute MI who have been treated 
thrombolytic therapy.” In contrast, the recently 
ublished ACC/AHA guidelines strongly recommend 
he use of heparin in combination with or immediately 
ifter thrombolytic therapy. 
* c The paucity of data regarding the comparative effica- 
ey of adjunctive heparin versus adjunctive aspirin led 
o; the Heparin-Aspirin Reperfusion Trial (HART). 
(ART, a multicenter study involving 3 university hospi- 
ils, compared heparin with aspirin in 205 patients with 
cute MI who received t-PA. At 18 hours, 82% patency 
observed in the heparin-treated patients, compared 
to. 52% in the group that received t-PA plus aspirin, a 
ifference that was statistically significant. These data 
‘suggested that the high early patency rates associated 
h t-PA can be sustained only with early concomitant 
systemic heparinization and not with aspirin as adjunc- 
tive therapy. These data are supported by a pilot study 
(Bleich et al) in which patients were randomized to t-PA 
plus heparin or t-PA alone. As in HART, sustained pa- 
‘tency rates were significantly higher in the patients treat- 
d with a combined regimen of t-PA plus heparin. Recent 
idence from the European Cooperative Study Group 
ial (ECSG-6) also confirms the value of intravenous 
arin as an adjunct to thrombolytic therapy with t-PA. 
These studies, in conjunction with the Australian Na- 
ial Heart Foundation Study, confirm the necessity of 
arin as adjunctive therapy when using t-PA in pa- 
ents with acute MI. In addition, the results suggest that 
eparin is only necessary for the initial 24 to 48 hours, 
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In contrast, the beneficial effect of kl is more diffi 
cult to understand because heparin has no effect on pla 
lets per se. Because the studies suggest that heparin 
more effective during the first 24 to 48 hours after 


increased, it is reasonable to postulate that heparin exer 

its antiplatelet action by neutralizing thrombin, a. 
stance known to induce platelet aggregation. The CC/ : 
AHA guidelines strongly recommend the use of heparin — 
in combination with or immediately after thromboly te : 
therapy. ui 

The role of 8 blockers and calcium antagonis E 
adjunctive agents remains to be resolved. These agents 
are often used during acute MI in the absence of reperfu- 
sion therapy, but little data are available as to whether 
either or both of these agents are beneficial after throm- 
bolytic therapy. The results of the Second Thrombolysis 
in Myocardial Infarction (TIMI-2) study suggested that 
B blockers may be beneficial in preventing myocardia 
ischemia after thrombolysis. In ISIS-2 there was a su 
gestion that 8 blockers may prevent myocardial rupture; 
however, this was not confirmed in the TIMI-2 study. 
The ACC/AHA guidelines note that use of a calcium 
antagonist may be preferable to a 8 blocker after reperfu 
sion because of the enhanced vasomotor activity Pro- 
duced by recanalization. 

The papers included in this supplement entitled “Ad. 
junctive Therapies in Thrombolysis” will further explore 
the role of heparin, aspirin, 8 blockers, calcium antago- 
nists, and other new investigative approaches for ; 
platelet and anticoagulant activity. 

















‘The rationale for considering heparin therapy as an 
adjunct to thrombolytic treatment for patients with 
acute myocardial infarction is to prevent rethrom- 
bosis after successful thrombolysis. The risk of 
reocclusion is high immediately after thrombolysis 


coronary artery is exposed to thrombin bound to 

rin in the residual thrombus. 

Clinical studies of patients with venous thrombo- 
sis and acute myocardial infarction indicate that 
there is a relation between the anticoagulant re- 

_ sponse to heparin and clinical efficacy and that the 
. concept of a therapeutic heparin level is valid. Sub- 
cutaneous doses of approximately 15,000 U twice 
<a day fail to provide an adequate anticoagulant re- 
. sponse at 24 hours in the majority of patients, 
whereas intravenous administration of a bolus of 
000 U followed by continuous infusion of 30,000 























who received streptokinase showed a significant 
tee weeny wee 12,500 U of 










A \ plausible explanation for these apparently 
contradictory findings is that the need for heparin 
administered early in high doses is greater in pa- 
tients treated with rt-PA than in those treated with 
treptokinase, because of the lesser systemic anti- 
MuApilant effects induced by rt-PA treatment. 

(Am J Cardiol 1991;:67:3A—114A) 
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failure to demonstrate benefit from a therapeutic 

intervention which is in truth effective could result 
from (1) an inadequate sample size; (2) the choice of an: 
imprecise outcome measure (which increases the sample 
size requirement); and (3) bias. Another equally impor- 
tant reason for a false-negative result is the suboptimal. 
use of the experimental intervention. The core of the 
controversy surrounding the value or lack of value of. 
heparin therapy as an adjunct to thrombolytic therapy in 
acute myocardial infarction is based on the contention. 
that heparin may have been used suboptimally in the. 1 
large reported trial addressing this topic and that it is 
being used suboptimally in the second trial, which is. 
reaching completion. 

The role of heparin as adjunctive treatment during. 
and after thrombolytic therapy of acute myocardial in- 
farction is highly controversial. Interest in this topic in- 
tensified after the publication of the Second Gruppo: 
Italiano per lo Studio della Sopravvivenza nell'Infarto 
Miocardico (GISSI-2) study, which reported that the ad- 
dition of heparin to thrombolytic agents (streptokinase: 
and recombinant tissue-type plasminogen activator 
[rt-PA]) does not contribute to mortality reduction, a 
though it does increase the incidence of bleeding. |? These 
findings prompted the statement in a recent review that. 
“at present, adjunctive heparin therapy is not indicated i 
patients with acute myocardial infarction who have bee 
treated with thrombolytic therapy.” > In contrast, the 
recently published guidelines of the American College of. 
Cardiology and American Heart Association on the ear 
management of patients with acute myocardial infarction 
took an opposite view and strongly recommended the u 
of heparin in combination with or immediately after 
thrombolytic therapy.* ; 

The issues relating to the role of heparin in corona: 
thrombolysis are complex. The question of the need or 
lack of need for heparin cannot be separated from the 
fundamental questions of the dosage of heparin, the in 
tensity of anticoagulant effect, and the timing and route 
of heparin administration. It has been argued that the 
timing, dosage and route of heparin administration in the 
GISSI-2/International trials were suboptimal and that 
these shortcomings may not be resolved by the Third 
International Study of Infarct Survival (ISIS-3). Fur 
thermore, it could be argued that the failure to use 
an optimal heparin regimen may have disadvai 
taged patients randomized to receive rt-PA more tha 
those randomized to receive streptokinase, because rt- 
produces less of a systemic anticoagulant effect th 
streptokinase.” X 


I: is a fundamental tenet of biostatistical lore that. 

























































































FIGURE 1. A thrombus, located on ath 





tant to inactivation by heparin. Thrombin 
bound to fibrin-fragments that are re- 








oe  * Clot-bound thrombin, resistant to inhibition by 


aL 





* Thrombin bound to degradation products of fibrin, 


rombin-lll complex. 


heparin-antithrombin-ili 


partially resistant to inhibition by heparin-antithrombin-lll 


9l » Free thrombin inhibited by heparin-antithrombin-lll 


[n this report, we not only will review the results of 
studies that evaluated heparin as an adjunct to thrombo- 
lytic therapy in acute myocardial infarction, but also will 
"consider the following fundamental issues: (1) the theo- 
-retical basis for adjunctive heparin treatment in coronary 
hrombolysis; (2) the pharmacokinetics of heparin and 
their influence on the dose response of heparin adminis- 
ered by intravenous and subcutaneous injection; and (3) 
the concept of a therapeutic range for heparin and evi- 
for its validity. Finally, an attempt will be made to 
ret the results of the previously reported studies on 
eparin use in trials of thrombolytic therapy conducted in 
patients with acute myocardial infarction in light of these 
fundamental observations. 


BIOLOGIC RATIONALE FOR USE OF 
EPARIN AFTER THROMBOLYSIS 

The beneficial effects of rapid coronary thrombolysis 
n myocardial function can be abrogated by early re- 
cclusion, which, if prevented, would be expected to im- 
rove patient survival. The results of recent laboratory 
tudies indicate that the process of coronary thrombolysis 
produces conditions in the newly opened coronary artery 
hat can favor early rethrombosis.5-? Thus, blood perfus- 
ng the reopened artery is exposed to high concentrations 
f thrombin, which is adsorbed onto the fibrin surface of 
th the lysing thrombus and the resulting soluble fibrin 
degradation products. The fibrin-bound thrombin can 
dead to reocclusion by interacting directly with plasma 
ibrinogen or by stimulating the production of more 
hrombin by activating an autocatalytic process. Throm- 
bound to fibrin is much more resistant than free 
mbin to inhibition by heparin/antithrombin HI com- 
(Figure 1).?? Nevertheless, a recent study that used 
assay for fibrinopeptide A as a marker for unregulated 
mbin activity showed that enhanced fibrinopeptide A 
uction during coronary thrombolysis can be inhibit- 
the concomitant administration of an intravenous 
bolus of 5,000 U of heparin."? This finding suggests that 
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heparin has the potential to prevent reocclusion by inacti- 
vating the free thrombin that is formed in the vicinity of 
the lysing thrombus. 


HEPARIN PHARMACOKINETICS 
Data from animal studies: Animal experiments indi- 
cate that heparin is cleared from the circulation by 2 
different mechanisms: a saturable cellular and a non- 
saturable renal clearance.!! With low dosages of heparin, | 
the saturable mechanism predominates, whereas with 
higher dosages the nonsaturable mechanism is more im- 
portant. !! This pattern of clearance explains the follow 
ing 3 observations: (1) heparin plasma levels, after a larg 
intravenous bolus, show a concave-convex pattern o 
clearance!?; (2) the half-life of heparin increases progres 
sively with increasing plasma levels of heparin!!; and (3) 
the recovery in plasma of heparin activity (plasma recov: 
ery) in rabbits of subcutaneously administered ‘unfrac- 
tionated heparin compared to that of heparin adminis- 
tered by an intravenous bolus varies from <30% for a 
dose of 500 U/kg to >90% for dosages reaching as high 
as 5,000 U/kg." ; 
Data from human studies: After intravenous bolus 
injection of 250 anti-Xa U/kg heparin in healthy volun- 
teers, the same concave-convex pattern of heparin disap- 
pearance is seen as in the animal studies.'4 
Comparative studies of the plasma recovery of hepa- 
rin administered by intravenous and subcutaneous rout 
have been performed only with low dosages of heparin 
(37,500 U).!1.15:16 At these low dosages, the bioavailabil- 
ity of subcutaneous heparin is only 23 to 30%. The find- 
ings of a recent clinical trial demonstrated that the plas- - 
ma recovery over the first 24 hours of high doses of. 
subcutaneous heparin (15,000 U twice a day, after an 
intravenous bolus of 5,000 U) is considerably less than is. 
seen with an identical dose given as a continuous intrave- 
nous infusion." The plasma recovery of su | ; 
heparin improves when heparin treatment 
for days, apii because there i is a gradual satura- 















high-dose intravenous heparin, saturation of ‘the cellular 
-clearance mechanism is much more rapid. 


















EVIDENCE FOR THE VALIDITY OF THE 
CONCEPT OF THERAPEUTIC 
HEPARIN LEVELS 
Animal studies evaluating the effect of different hepa- 

. rin doses on the growth of an experimental venous throm- 
‘bus showed that heparin levels of 0.2 to 0.4 U/ml mea- 
<< sured by protamine titration are effective in preventing 
extension of the thrombus.!5 These levels are comparable 
- toan activated partial thromboplastin time (APTT) ratio 
of approximately 1.5 to 2.5 (using a responsive thrombo- 
. plastin), anti-Xa levels of 0.3 to 0.7 U/ml, or a whole 
blood clotting time that is prolonged two- to fourfold.!® 
. Two studies of venous thromboembolism and 3 stud- 
s of myocardial infarction investigated the relation be- 
een results of coagulation tests after heparin adminis- 
tration and (recurrent) thrombotic events. 
^ Hull et al!” investigated the relation between the re- 
“currence of venous thromboembolism in patients treated 
“with either subcutaneous or intravenous heparin to the 
anticoagulant effect achieved. Recurrent venous throm- 
"boembolism occurred in 13 of the 53 patients who had an 
-APTT «1.5 times control at 24 hours after initiation of 
heparin therapy and in only 1 of the 62 patients who had 
adequate anticoagulant response at this time (relative 
k 15.0). 
In the study of Basu et al? patients with venous 
omboembolism were treated with intravenous heparin 
nd followed prospectively for evidence of recurrent 
thromboembolism. Among 67 patients who had an 
APTT «50 seconds for 22 consecutive days, 5 (7.5%) 
-had a recurrence, compared to none of the 90 patients 
. who had an adequate anticoagulant effect (relative risk 
10.7). 
. Turpie et al” treated patients with acute anterior 
"myocardial infarction with 12,500 U heparin subcutane- 
- ously 2 times per day and compared the heparin levels in 
‘the patients who developed a left ventricular mural 
: thrombus to the levels of those who did not. The mean 
- heparin levels were statistically significantly lower (0.10 
+ 0.029 [n = 10] vs 0.19 + 0.019 U/ml [n = 85], p 
0.01) in the patients who developed a left ventricular 
mural thrombus (estimated relative risk 22.2, assuming a 
normal distribution). 
Kaplan et al?! treated 75 consecutive patients with 
- streptokinase followed by full-dose intravenous heparin 
"treatment and related the incidence of myocardial ische- 
" mia to the anticoagulant effects achieved (measured with 
a partial thromboplastin time [PTT] assay). The investi- 
gators state that episodes of definite myocardial ischemia 
were 6.times more likely to be associated with PTT values 
,:XS0 seconds than with PTT values 7100 seconds. 
-Camilleri et a? performed a retrospective cohort 
analysis of 70 patients with myocardial infarction who 
- were treated with 1.5 million U streptokinase followed by 
heparin infusion. Heparin therapy was monitored daily 




























tion of the cellular mechanism of heparin clearance. With 


nificant difference in nx. cd effect was reached 
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TABLE I Relative Risk of Thrombotic Outcomes in. 
Anticoagulated Patients Using an Activated Partial -> 
Thromboplastin Time Ratio of 1.5 as a Cutoff in Cohort. 
Analytic Studies 


















Patient 


Type Outcome 





Study 
















Hull et al!” Recurrent VTE 115 

Basu et al!? DVT Recurrent VTE 157 107 
Turpie et al? AMI LVMT 112 222 
Camileri etal? — AMI Recurrent MI /AP 70 13. 3. 






AMI = acute myocardial infarction; AP = angina pectoris; DVT = deep vein trombo.. 
sis; LVMT = left ventricular mural thrombosis: RR = risk reduction, VTE = venous 
thromboembolism. : 

(The study of Kaplan et al?! used partial thromboplastin time measurements rat 
than activated partial thromboplastin time values and the results are ciscussed in the 
text.) 

























by APTT measurements. Recurrent ischemic events 
(signs of angina or infarction) occurred in 13 patients 
during periods when the APTT ratio was <1.5 (176 mea- 
surements) and in only 2 patients (359 measurements) 
when the APTT ratio was >1.5 (relative risk 13.3)... 

These 5 independent observations from cohort analy- 
tic studies in 3 different clinical settings suggest that there 
is a relation between the absence of an adequate heparin 
response and the occurrence of thrombosis-related events 
during therapy with heparin and that the relative risk o 
thrombotic events when heparin therapy is inadequate is 
increased markedly, compared to the event rate with ad 
quate heparin therapy (6.0 to 22.2) (Table I). 

























ANTICOAGULANT RESPONSE AFTER 
SUBCUTANEOUS OR INTRAVENOUS 
HEPARIN ADMINISTRATION 

Healthy volunteers: In their study on the kinetics 
intravenous heparin in healthy human subjects, de Sw: 
et al!4 determined the clearance parameters for heparin 
and predicted that plateau levels of heparin of 0.2 to 0.4 
U/ml would be reached only with doses >25,000 U p 
24 hours (Figure 2). This prediction was confirmed. 
conducting a heparin infusion study in a limited number 
of volunteers. 

Patients: In a prospective study it was found tha 
when heparin is given intravenously as a continuous infu- 
sion starting at 30,700 U per 24 hours after an intrave- 
nous bolus of 5,000 U and the heparin dose is adjuste x 
using a nomogram, an APTT >50 seconds (>1.5 times 
normal) is reached in 82% of patients at 24 hours and in 
91% at 48 hours (Cruickshank MK et al, unpublish 
observations). The mean heparin dose required to pro- 
duce an APTT above the lower level of the therapeutic 
range was 32,903 U per 24 hours. 

In the study of Hull et al," in which patients. wit] 
venous thromboembolism received heparin either intra- 
venously or subcutaneously, it was found that, after 
hours, 29% (n = 58) of the patients who received intrave- 
nous heparin had subtherapeutic heparin levels versus 
63% (n = 57) of the patients who were treated wit 
cutaneous heparin. This impressive and statistical 




















































TIONSHIP BETWEEN HEPARIN DOSE - 
"AND STEADY STATE PLASMA 


LEVELS OF HEPARIN 


Heparin 
dose in 
Units x 10° 











espite a slightly higher heparin dose during the first 24 
hours in the patients treated by subcutaneous injection 
30,351 vs 28,484 U/24 hours). 
One early study examined the time delay before 
chieving a therapeutic. heparin level (measured by whole 
clotting time) using an initial dose of 20,000 U of 
in. It was stated that in the majority of patients a 
peutic level was reached after approximately 1 to 2 
and that this effect lasted for 10 hours after the 
jection; peak levels were reached 5 to 6 hours after 
njection. 
’ Review of the results of a study reported by Turpie et 
I? of acute myocardial infarction, which used 12,500 U 
f heparin 2 times per day subcutaneously, is highly rele- 
ant to the interpretation of the results of the GISSI-2/ 
nternational trials and ISIS-3 study.!? The anticoagu- 
nt effects of heparin were measured daily, 6 hours after 
he subcutaneous injection. The mean heparin level on 
he first day of treatment was 0.11 U/ml and the APTT 
barely prolonged over the control value. Mean APTT 
nd heparin levels increased to just below the lower limit 
the therapeutic range on the subsequent days of follow- 
p: This indicates that virtually all patients who received 
2,500 U of heparin 2 times per day had subtherapeutic 
eparin levels during the first day of treatment and that 
pproximately 50% had subtherapeutic peak levels dur- 
g the remaining period of treatment. 
- In summary, when heparin is given as an intravenous 
olus of 5,000 U and is followed by continuous infusion of 
pproximately 30,000 U per 24 hours, therapeutic levels 
"achieved at 24 hours in the majority of patients, 
reas subcutaneous administration of the same dose 
,000 U 2 times per day after an intravenous bolus of 


) U 2 times per day subcutaneously fail to provide 
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FIGURE 2. A, almost all of the heparin is 
rapidly cleared by the saturable cellular _ 


0.3 


Steady state 
levels of 


0.2 heparin in 


plasma (U/ml) 


therapeutic concentrations. !!: 14 





adequate anticoagulation in approximately 50% of pa- 
tients during the entire period of therapy. All of these. 
observations on dose-response to heparin were made in : 
patients not treated with thrombolytic agents, and itis ` 
possible that dosage requirements might be lower follow- 
ing thrombolytic therapy. 


IMPACT ON EFFICACY PARAMETERS 

Patency: The earliest randomized controlled trial.ex- 
amining the effect of heparin on patency is the Third 
Thrombolysis and Angioplasty in Myocardial Infarctio 
trial,’ in which 134 patients with acute myocardial in 
farction of recent (<6 hour) onset received rt-PA (6 mg 
kg during 4 hours) with or without an intravenous bolu: 
of 10,000 U of heparin. Coronary angiography was per 
formed 90 minutes after initiation of therapy and show 
a patency rate of 79% in both groups. This result exclud 
a true difference in patency rates at 90 minutes in favor of 
heparin of >14% with 95% confidence. 

In the Heparin-Aspirin Reperfusion Trial (HART), 25 i 
which was performed in 3 university hospitals, 205 pa- 
tients with acute myocardial infarction of recent («6 
hours) onset were treated with 100 mg of rt-PA over 6 
hours. Patients were randomized to either aspirin (80 
mg/day) or to intravenous heparin (bolus of 5,000 U, 
followed by a continuous infusion of 1,000 U/ hourtitrat- - 
ed to an APTT ratio of 1.5 to 2 simultaneously with 
rt-PA). Patency measured by coronary angiography ata _ 


mean of 18 hours after infarction was 82% (n = 106) in) 


the heparin group and 52% (n = 99) in the aspirin group. — 
This difference is statistically significant at the p <0.0001 


level. In a trial by Bleich et al, 83 patients with acute _ 


myocardial infarction of recent onset (<6 hours) were 
treated with 100 mg of rt-PA for 3 hours. Simultaneously 
with this regimen, patients were randomized to intrave- `. 
nous heparin (bolus of 5 000. U, followed by 1,000 U/ 








-FIGURE 3. Influence of heparin on paten- 
i Study 
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- hour, adjusted to an APTT 1.5 to 2 times normal) or no 
heparin. Coronary angiography was performed 2 days 
. after the acute event to assess patency. Patency (Throm- 
:bolysis in Myocardial Infarction [TIMI] grade 2 to 3) 
ras present in 30 of 42 patients (71%) in the heparin 
roup and in 18 of 41 patients (44%) who did not receive 
eparin. This difference is statistically significant (p 
<0.023, 2-tailed chi-square test with Yates correction). 
-. In the recently completed Sixth European Coopera- 
- tive Study Group (ECSG-6) trial, all patients received 
100 mg of rt-PA and aspirin, either 250 mg intravenously 
or 300 mg orally, followed in both cases by 75 to 125 mg 
- of aspirin on alternate days (unpublished observations, 
| presented at the XII Congress of the European Society of 
Cardiology, 1990). Patients were randomized to heparin 
- (intravenous bolus of 5,000 U followed by 1,000 U/hour 
- titrated to 1.5 to 2 times control) or no heparin. Coronary 
angiography was performed at day 2 to 5 (mean 81 
hours). Patency was present in 271 of 361 patients (83%) 
: who received heparin therapy and in 244 of 326 patients 
_ (15%) who did not. This difference is statistically signifi- 
"cant (p «0.01, 2-tailed chi-square test) and consistent 
with the results of the 2 earlier trials. 
* The Australian National Heart Study addressed the 
- question of the length of intravenous heparin therapy 
- after 100 mg of rt-PA (National Heart Foundation of 
- Australia Coronary Thrombolysis Group, unpublished 
observations). After thrombolytic treatment, all 202 pa- 
zt: tients received intravenous heparin for 24 hours. Thereaf- 
fer, patients were randomized into groups that received 
either continuous intravenous heparin therapy or daily 
administration of 300 mg of aspirin and 300 mg of dipy- 
"ridamole orally. Patency at 1 week was 80% in both 
-groups (n = 101, n = 94, respectively). This excludes a 
rue difference in patency rates at 1 week of >13% with 
Ó pontidente, but the study does not have the E to 
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much larger ECSG-6 study. 
It would be inappropriate to pool the results of these 5 
studies because the outcome of interest (patency). was 
measured at different periods of time after thrombolysis. 
Review of the results of the individual studies (Figure 3) 
suggests the following interpretation: Heparin does not 
improve patency at 90 minutes, at which time patency is 
largely dependent on the efficacy of the thrombolytic 
agent; heparin does, however, maintain patency during 
the first few days after coronary thrombolysis with rt-PA. 
by preventing rethrombosis. 
There have been no randomized trials published 
which assessed the effect of heparin therapy on patency in 
patients receiving anisoylated plasminogen streptokinase 
activator complex (APSAC), or (pro)urokinase. 
Left ventricular mural thrombosis: STREPTOKINASE: 
The Studio sulla Calciparina nell’Angina e nella Throm- 
bosi Ventriculare nell'Infarto (SCATI) trial reported on 
the prevalence of left ventricular mural thrombosis in 
patients with acute myocardial infarction who arrived at 
the hospital within 6 to 24 hours after onset of symp- 
toms.” Those who presented within 6 hours of onset - 
received streptokinase; those who presented after 6 hours 
of onset did not. All patients were randomized to receive 
heparin (an intravenous bolus of 2,000 U followed after 9 
hours by 12,500 U every 12 hours) or no anticoagulant 
treatment. Left ventricular mural thrombus was assessed 
by echocardiography on the day of discharge in the pa- 
tients with a first transmural acute anterior infarction. 
The prevalence of left ventricular mural thrombosis a 
discharge in patients who had a first acute transm 
anterior myocardial infarction was 19 of 107 (17.7% 
the high-dose heparin group and 34 of 93 (36.6%) 
patients who did not receive anticoagulant thera: 
difference was statistically significant (p <0. 01) 


incidence of Reinfarction and Recurrent Ischemia Randomiz ci 


2 atment After Coronary Thrombolysis 
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Thrombolytic meum Inciderice of iicurent Event 


Heparin Regimen 
Outcome/ __ ee 
> a Study 
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SCATI?? 
GISSI-212 
GISSI-21? 
TAMI-324 
Bleich?e 
Aust. HFT 
Recurrent ischemia 
SCATI?? 
TAMI-324 
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p% æ 2,000 U intravenously immediately. 
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18/218 


3/64 
4/42 
5/99 


31/218 
14/64 
30/326 


158/5,191 
127 /5,170 
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21/215 

156/5,205 

147 /5,202 
2/70 
3/41 
2/103 


42/215 
16/70 
38/326 


iz: Aust. HF = Australian Heart Foundation; ECSG-6 = Sixth European Cooperative Study Group trial: GISS! = Gruppo Italiano per lo Studio della Sopravvivenza nell'infarto Miocardico; * 


(SK s streptokinase, TAMI = 


Thrombolysis and Angioplasty in Myocardial Infarction: rt-PA = recombinant tissue plasminogen activator; 1 = 


2 times/day of 12,500 U heparin. 


; Subcutaneously begun >9 hours after thrombolysis; 2 = immediate 5,000 U bolus intravenous heparin plus 24.000 U /24 hours adjusted to activated partial thromboplastin time 1,5. 


te 2 fines control. 


| TABLE Ill Mortality Rates in Trials Evaluating Addition of 
‘Heparin to Thrombolytic Treatment 


Incidence With 


Heparin SC 
12,500 bid No Heparin 


(n/n) (%) (n/n) 


_Streptokinase 
SCATI? 10/218 
:.GISSI2, all? 408/5,191 
:GISSI-2, after initiation 254/5,037 
of heparin! 2 


45 
79 
5.0 


19/215 
479/5,205 
311/5,037 


9.2 
5.9 


476/5,170 
GISSI-2, after initiation 294/4,988 
of heparin? 


SC.» subcutaneously; other abbreviations as in Table IJ. 


rate analysis for patients who did or did not receive strep- 
kinase was not reported. 
RECOMBINANT TISSUE-TYPE PLASMINOGEN ACTIVATOR: 
The ECSG-6 trial (design described earlier) also studied 
the prevalence of left ventricular mural thrombosis as- 
.sessed by angiography at a mean time of 81 hours 
ECSG-6, unpublished observations). The incidence was 
-7% in the heparin group and 6.8% in the nonheparin 
rroup (difference not significant). 

‘Recurrent cardiac ischemia: Data are summarized in 
'able II. None of the studies that used the subcutaneous 
egimen and none of those that used the high-dose intra- 
enous regimen demonstrated a statistically significant 

neficial effect of heparin on reinfarction or recurrent 

cardiac ischemia. 

Mortality: STREPTOKINASE: The earliest study to evalu- 

ate heparin as an adjunctive treatment to thrombolysis 
ith streptokinase was the SCATI study (design de- 

scrib " The mortality rate was 4.5% (n = 218) 
mong pa ier wh eceived beperin and 8.8% ae = 4) A 


453/5,202 
298/5,047 
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among those who did not (p = 0.05). In the GISSI-2/ 
International trials, the same trend was seen among pa- 
tients who received streptokinase.!2 The design of this - 
trial is shown in Figure 4. Among the patients who re- 
ceived streptokinase and heparin, the mortality rate was. 
7.9% (408 of 5,191), whereas it was 9.2% (479 of 5,205) 
in the group that received streptokinase alone; this differ-. 
ence is statistically significant (p <0.02). The analysis 
included patients who died before heparin treatment was 
commenced, and therefore before it could have influ- 
enced the outcome. When patients who died before hepa- 
rin was started were excluded from the analysis, the same 
trend is still apparent: 5.0% (254 of 5,037) versus 6.29 
(311 of 5,037) (p <0.02). These data indicate that 12,500 
U of heparin administered subcutaneously 2 times per 
day beginning 9 to 12 hours after streptokinase, with 
without an intravenous bolus of heparin after strepto 
nase, is a useful adjuvant to streptokinase treatment. 
patients with acute myocardial infarction of recent ons 
(Table IIT). 

The results of these randomized studies are supported 
by data from the cohort analysis of the patients entered in 
the ISIS-2 trial.’ In this study, patients were randomized 
to receive streptokinase or no thrombolytic treatment. 
Heparin treatment was not mandated by the study treat- 


ment protocol but used at the discretion of the attending _ 


physician and the intention to use heparin was recorded. 
The patients who received heparin (either subcutaneously 
or intravenously) in addition to streptokinase had a mor- 
tality rate of 8.7% (n = 5,655) whereas this rate was 
10.1% (n = 2,937) among those who did not (p = 0.034), 


Because patients were not randomly allocated to receive 


heparin or no heparin, these results are subject to bias. 
RECOMBINANT TISSUE-TYPE PLASMINOGEN ACTIVATOR: 
Currently, there is only 1 large randomized clinical trial 
(GISSI-2/International Trial) in which patients who re- 
ceived rt-PA treatment were randomized to receive - 
-12,500 U of heparin subcutaneously after 12 hours, or no - 
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trials were randomly allocated to receive either 
International Study 


activator complex (APSAC) treatment independently of 


heparin (Figure 4). The mortality rate among the pa- 
tients who received rt-PA and heparin was 9.2% (476 of 
5,170); for those who received rt-PA not followed by 
heparin, it was 8.7% (453 of 5,202) (p = 0.393) (Table 
III). This negative trend in the heparin group was ac- 
counted for by deaths that occurred before the initiation 
* of heparin therapy and therefore is only due to chance. 
. After excluding the patients who died before heparin was 
started, the mortality rates are 5.9% (294 of 4,988) 
"among those who received heparin and 5.9% (298 of 
_ 5,047) among those who did not (p = 0.984). This result 
. excludes a true difference of greater than 1% with 95% 
confidence. 
-Other trials and agents: The recently begun ISIS-3 
` trial will randomize patients, using a factorial design, to 
~ streptokinase, APSAC or rt-PA (duteplase, Burroughs 
-> Wellcome formulation of double-chain rt-PA) and to 
12,500 U of heparin 2 times per day subcutaneously, 
_ begun after 4 hours, or no heparin (Figure 4). The pri- 
* mary end point is vascular mortality during the first 5 
- weeks. Pending the results of ISIS-3, there are no reliable 
data available regarding the use of heparin in conjunction 
with APSAC; therefore, the need for heparin in APSAC- 
treated patients is unclear, as is the use of heparin with 
pro-urokinase (single-chain urokinase plasminogen acti- 
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international: 

en activator treatment and those in the Third 
plasminogen streptokinas 

treatment (factorial design). (*Note that the. 


therapy to thrombolytic treatment increases the risk 
bleeding.!? The reported incidence of minor bleeds we 
594 of 6,195 (9.6%) among patients who received hepar: 
and 328 of 6,206 (5.396) among those who did not (ris 
reduction 1.88, p «0.001, GISSI centers only). The inc 
dence of major bleeds was 103 of 10,361 (1%) in the 
heparin group and 57 of 10,407 (0.5%) in the nonheparin 
group (risk reduction 1.79, p «0.01, GISSI and Interna- 
tional Trial centers). 

Detailed information on the incidence of fatal bised- 
ing or bleeding leading to permanent damage (e.g., intra- 
cranial hemorrhage) is required to assess the trade-off. 
between the risks and benefits of heparin. In the GISSI- 
study, the incidence of hemorrhagic stroke was 0.3% 
(n = 10,361) among the patients who received heparin. 
and 0.4% (n = 10,407) among those who did not. Thes 
figures suggest that the heparin regimen used in this 
study was not associated with an increased incidence of 
serious bleeding. 


CONCLUSION 

There is experimental evidence in humans that throm 
bolytic therapy is associated with activation of coagul 
tion$-? and that this activation process can be modified I 
an intravenous bolus of 5,000 U of heparin.’* There 
also good evidence that the addition tort-PA trea 











(ECSG-6, unpublished observations). However, heparin 
! the dose of 12,500 U 2 times per day subcutaneously 
‘not reduce the mortality rate in patients with acute 
1yocardial infarction who were treated with rt-PA, but 
id reduce it in those who were treated with streptoki- 
ase.!? This discrepancy forms the core of the controver- 
y surrounding the use of heparin after thrombolytic ther- 
apy for acute myocardial infarction. 
-` The results of studies analyzed in this review indicate 
that the clinical effectiveness of heparin is influenced 
strongly by its anticoagulant effect measured ex vivo and 
that the anticoagulant effect is influenced by the dose of 
heparin and its method of administration. In patients 
with venous thrombosis, failure to obtain an early thera- 
peutic anticoagulant effect (APTT ratio 1.5 to 2.0, equiv- 
alent to a heparin level of 0.2 to 0.4 U/ml using prota- 
mine titration or 0.3 to 0.7 U h ml using an anti-Xa assay) 
results in a marked increase in the recurrence rate.!7-'8 
One of these studies in venous thrombosis also revealed 
that 15,000 U of heparin subcutaneously given 2 times 
per day produced a subtherapeutic anticoagulant re- 
sponse at 24 hours in the majority of patients." The 
relation between the heparin regimen and clinical effec- 
tiveness in patients with acute myocardial infarction is 
ess consistent. Subgroup analysis of patients with acute 
yocardial infarction indicates that there is a relation 
"tween the anticoagulant effect and both the prevention 
f mural thrombosis? and the reduction of manifesta- 
ons of myocardial ischemia after treatment with strep- 
kinase.]2? Although heparin in a dose of 12,500 U 
subcutaneously 2 times per day produces an inadequate 
anticoagulant effect in virtually all patients over the first 
24 hours, this heparin regimen reduced mortality in 
patients treated with streptokinase both in the GISSI-2/ 
International trials and in the SCATI study.'??? In con- 
trast, among patients who were treated with rt-PA in the 
GISSI-2/International trials, there was no effect on the 
mortality rate in those who received this heparin regimen. 
However, higher doses of heparin do appear to be effec- 
ive in preventing reocclusion after rt-PA treatment for 
acute myocardial infarction. Thus, significantly higher 
patency rates were demonstrated among rt-PA-treated 
patients who received high-dose intravenous heparin in 3 
well-designed clinical trials (ECSG-6, unpublished ob- 
.servations).2526 
Although the interpretation of these seemingly dis- 
 crepant findings is by no means clear-cut, they could have 
the following explanation: Heparin in full doses (intrave- 
ious: bolus of 5,000 U and then continuous intravenous 
infusion to maintain the APTT at 1.5 times control) is 
fective in preventing manifestations of rethrombosis 
ecurrent ischemia) after successful coronary throm- 
olysis in patients treated with streptokinase?! -? and in 
eventing angiographic manifestations of rethrombosis 
maintained patency) in patients treated with rt-PA 
(ECSG-6, unpublished observations).2526 Lower doses of 
heparin (12,500 U subcutaneously 2 times/day) have 
some beneficial effects in patients treated with streptoki- 








nase but not in patients treated with rt-PA. This differ- 
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ence in clinical response (mortality) between the : strepto- 


patency rate of. the infárctselated « coronary artery?526- m 
kinase- and rt-PA-treated patients to the lower doses of 








heparin used in the GISSI-2/International trials and 
SCATI study might be explained by the greater systemic 
anticoagulant effect produced by streptokinase,? which, 


when augmented by the modest anticoagulant effect of s 


the relative low-dose subcutaneous heparin, results in an 
antithrombotic effect. Because rt-PA produces a less 
marked systemic anticoagulant effect, the additional in- |. 
fluence of the modest anticoagulant effect obtained from 
the relatively low dose of heparin used in the GISSI-2/ 
International trials and in the ISIS-3 study may be insuf- 
ficient to prevent reocclusion, particularly in the critical 
period soon after thrombolysis. This interpretation is 
based on the premise that early patency of the infarct- 


related artery is an important determinant of in-hospital _ 


and long-term survival.?? If this explanation is correct, 
then heparin should be commenced during or soon after. 
thrombolysis in high doses intravenously and continued 
for a number of days. Patency studies indicate that sucha 
high-dose heparin approach might be beneficial in . 

patients treated with rt-PA, and subgroup analysis of : 
clinical studies using adjunctive high-dose intravenous. 
heparin after streptokinase?'7? suggests that additional - 
benefit might be achieved from full-dose heparin over the 
delayed, lower dose subcutaneous regimen used in the _ 
GISSI-2/International trials. The disadvantage of early 
high-dose adjunctive heparin treatment lies in its poten- 
tial for serious bleeding, particularly in patients treated 
with streptokinase. Whether an increase in the incidence 
of bleeding will outweigh the potentially beneficial effects 
of early high-dose heparin will have to be resolved by 
clinical trials and is being addressed by the Global Utili- - 

zation of Streptokinase and t-PA for Occluded Arteries 
(GUSTO) trial. In the meantime, it would be reasonable 
to commence high-dose intravenous heparin in conjunc- 
tion with rt-PA but to delay heparin treatment for 3t0 4. 
hours in patients with acute myocardial infarction who 


are being treated with streptokinase, particularly if a dt 


high-dose intravenous regimen is used. 
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Coronary thrombolysis is the treatment of choice 
for patients with acute Q-wave myocardial infarcts 
who have no contraindications to such therapy. 
However, the time required for thrombolysis and 
the possibility of reocclusion of the infarct-related 
artery remain problematic. Herein are described 
experimental animal studies and clinical evaluations 
in which attempts have been made to develop ad- 
junctive therapies that, when coupled with available 
thrombolytic interventions, might shorten the time 
|. Xo thrombolysis and delay or prevent reocclusion. 

. From the studies conducted to date, it is clear that 
-a combined thromboxane synthesis inhibitor and 

: receptor antagonist with a serotonin receptor an- 

.. tagonist and heparin shorten the time to throm- 

_ bolysis and delay or prevent coronary artery reoc- 
clusion in experimental canine models with copper 
coil-induced coronary artery thrombi. A monoclonal 
antibody to the platelet glycoprotein IIb/Illa recep- 
tor coupled with tissue plasminogen activator 
(t-PA) and heparin also shortens the time to throm- 





imental canine models. Thrombin inhibitors, includ- 

ing heparin and synthetic inhibitors, given with 

t-PA and aspirin, appear to shorten the time to 
thrombolysis and delay or prevent coronary 

artery reocclusion in experimental canine models. 

Aspirin coupled with intravenous streptokinase re- 

duces mortality in patients with presumed acute 

myocardial infarction, and a combination of heparin 

and t-PA results in infarct-artery patency more fre- 

quently than t-PA without heparin. Data from these 

| studies are encouraging with regard to the possibil- 

“ity of developing effective and relatively safe 

_ thrombolytic regimens that shorten the time to 

, thrombolysis and delay or prevent coronary artery 

reocclusion. 

(Am J Cardiol 1991;67:12A—18A) 
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sively as a means to prevent or attenuate patho- 
physiologic events occurring with acute myocar- 
dial infarction. Studies in experimental animals and 
patients show that the administration of thrombolytic 
agents early in the course of myocardial infarction reduc- 


C thrombolysis has been evaluated exten- i : = 


es infarct size and preserves ventricular function. 3 How- ^ 


ever, the time required for thrombolysis with currently. 
available agents remains longer than desirable, and there 


is an important risk of coronary artery reocclusion after . 
successful thrombolytic therapy. Thus, it should be useful — 
to identify adjunctive therapy that shortens the time to 
thrombolysis and prevents coronary artery reocclusion MT 


following thrombolytic therapy. 
Platelets are activated in response to a variety of sub=. 


stances. Studies from our laboratory as well as others = 


have demonstrated that thromboxane A; and serotonin 
are important mediators of intracoronary platelet activa- 
tion in experimental preparations of concentrically ste- 
nosed canine coronary arteries with endothelial injury.*- 
Others have shown that the platelet glycoprotein IIb/IIIa 
platelet receptors are important in platelet binding to 


fibrin and the development of a thrombus; a monoclonal: | 


antibody directed against the platelet glycoprotein IIb/ = 
IIIa receptors enhances thrombolysis in experimental an- . 
imal models.?.!? [n addition, clinical studies in which aspi- 
rin has been combined with selected thrombolytic inter- 
ventions suggest enhanced thrombolytic protection.!!: 
This review summarizes current information related. to’ 
experimental animal and clinical studies that have been 
performed in an attempt to alter platelet activation and `: 
shorten the time to thrombolysis and prevent or delay ` 


coronary artery reocclusion after thrombolytic therapy. = 


STUDIES IN EXPERIMENTAL 
ANIMAL MODELS 

We evaluated whether single or simultaneous admin- 
istration of thromboxane and serotonin receptor antago- . 
nists combined with tissue plasminogen activator (t-PA) 


and heparin shorten the time to thrombolysis and prevent — 
or delay coronary artery reocclusion after thrombolytic = 


therapy.'*!> In these studies, coronary thrombi were in- 
duced in 26 anesthetized, open-chest dogs by inserting a 
copper coil into the left anterior descending coronary 
artery (LAD) (Fig. 1). Coronary artery blood flow veloci- 
ty was monitored throughout the experiment with a 
Doppler flow probe placed proximally to the coil. The 
presence of a thrombus was documented for 30 minutes. 
Dogs were assigned to 1 of 4 groups: group 1 (n = 8) 
served as control subjects, receiving a bolus of heparin 
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bus and restoration of blood flow that showed a stable and constant pattern throughout experimental period ( 
25 mm/min). (See text for details.) (Reproduced with permission of the American Heart Association, Circulation.!?) 


.. (200 U/kg) and of t-PA (80 ug/kg), followed by a con- 
tinuous infusion (8 ug/kg-min) for <90 minutes or until 


 . reperfusion was achieved. Group 2 (n = 10) received, 


immediately before heparin and t-PA, an intravenous 
bolus of 0.4 mg/kg of a thromboxane receptor antagonist 
-.(8Q29548, Squibb Pharmaceuticals, Princeton, New 
- Jersey) and 0.2 mg/kg of a serotonin receptor antagonist 

(LY 53857, Eli Lilly Pharmaceuticals, Indianapolis, Indi- 
- ana). Group 3 (n = 7) received, before heparin and t-PA, 

an intravenous bolus of the thromboxane receptor antag- 


.. enistalone (0.4 mg/kg). Group 4 (n 7 7) received, before 


heparin and t-PA, an intravenous bolus of the serotonin 


-< receptor antagonist alone (0.2 mg/kg). After thromboly- 


sis, all dogs were monitored for 90 minutes or until a 
persistent reocclusion occurred. 
Treatment with a combination of the thromboxane 
. and serotonin receptor antagonists markedly shortened 
< the time required to lyse coronary artery thrombi, from 
46 + 7 to 15 + 3 minutes in groups 1 and 2 animals, 
respectively (p «0.01, Fig. 2). Neither receptor antago- 
nist alone was as effective in accelerating thrombolysis. In 
the animals treated with t-PA and heparin alone (group 
1), repeated cycles of gradual occlusions followed by 
- spontaneous restorations of flow (i.e., cyclic flow varia- 
tions) were observed before persistent reocclusion oc- 
< curred within 17 + 5 minutes (Fig. 3). Coadministration 


*of thromboxane and serotonin receptor antagonists be- 


fore heparin and t-PA prevented or delayed reocclusion in 
each of the group 2 dogs that were successfully reperfused 
"(Table I). Neither the thromboxane nor serotonin recep- 
tor antagonist alone was effective in preventing cyclic 
flow variations and reocclusion. Thus, thromboxane and 
-serotonin receptor antagonists in combination enhance 


the thrombolytic effect of t-PA, probably by preventing: 
further platelet activation and by their incorporation into 
the thrombus during lytic therapy. The combination of 

these 2 receptor antagonists appears to be effective in- 
preventing or delaying reocclusion after discontinuation | 
of t-PA in this experimental model. 


EFFICACY OF A COMBINED THROMBOXANE 
SYNTHESIS INHIBITOR AND RECEPTOR 
ANTAGONIST IN ENHANCING 
THROMBOLYSIS AND DELAYING OR 
PREVENTING REOCCLUSION ; 
Seventy anesthetized, open-chest dogs in whom coro- 
nary artery thrombi were induced with a copper coil, a$ 
described earlier, were evaluated.'^ In these studies, the 
efficacy of a combined thromboxane synthesis inhibitor | 
and receptor antagonist (ridogrel, Janssen Pharmaceuti 
cal, Beerse, Belgium) in combination with t-PA and hep- 
arin were evaluated and compared to that of t-PA and 
heparin alone in enhancing thrombolysis. In these studies 
ridogrel added to t-PA and heparin markedly shortened 
the time to thrombolysis in treated dogs from approxi 
mately 45 to 12 minutes (Fig. 4).!* In addition, coronary © 
artery reocclusion after discontinuation of the t-PA was 
either prevented or markedly delayed by combined. 
thromboxane synthesis inhibition and receptor antago- - 
nism (Fig. 4). In these studies, we identified an increase in 
distal coronary artery prostacyclin concentration after 
the administration of ridogrel, presumably as a result of 
shunting cyclic endoperoxides toward prostacyclin after 
the administration of the combined thromboxane syn he- 
sis inhibitor and receptor antagonist. Increases in th : 


boxane were prevented by ridogrel, and in vivo assess 
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FIGURE 2. A, plot of time of recombinant tissue-type plasminogen activator (rt-PA) infusion (i.e., time to achieve thrombolysis)  - 
in dogs with coronary thrombosis receiving heparin (group 1); heparin and thromboxane receptor antagonist $Q29548 (SQ) and : 
e etl COTA Oana Me Ch hne au HO meme ven n nd bepari EY : 

; alone (group 4). Only the administration of SQ and LY in combination significantly decreased the time necessary to achieve ef- 
fective thrombolysis (defined as left anterior descending coronary artery blood flow 270% of baseline value). *p «0.01 by t 
ith Bonferroni's correction. B, plot of total dose of rt-PA necessary to lyse the intracoronary thrombus in dogs hepa- - 
(200 U/kg) (group 1); heparin and SQ and LY combination (group 2); heparin and SQ alone (group 3); and heparin and LY in ; 
combination (group 4). The latter combination significantly reduced the dose of rt-PA necessary to achieve *p 
.02 by t test with Bonferroni’s correction. Data are expressed as mean + 95% confidence interval. (Reproduced with permis- 
sion from the American Heart Association, Circulation.!?) 
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: TABLE! Reocclusion Time and Activated Coagulation Time 
-| (ACT) in Dogs After Thrombolysis With Tissue Plasminogen 
Activator 


90 Minutes 
Reperfusion or 
Reocclusion 


Reocclusion 


Group No. Time Base Reperfusion 


17£5 207 £15 
(0)* 
>90 , 
(9/9)* 
31 +29 
(1/6)* 
27431 


9646 199 112 


10747 199414 193 +19 


10447 212421 220 + 23 


100413 227424 204 +19 


* Numbers in parentheses indicate dogs in whom the treatment prevented reocclu- 
“f sion atter thrombolysis. 
t p «0.005 versus groups 1, 3, and 4 by Fisher's exact test. 

Reocclusion time (minutes) was defined as the time elapsed between reperfusion 
and the occurrence of a persistent reocclusion. 

ACT (seconds) was measured at baseline, at the moment of reperfusion, and after 
90 minutes of reperfusion or at the moment of reocciusion. See text for details. 

(Reproduced with permission from the American Heart Association. Circulation. 12 





ments of platelet aggregation demonstrated that platelet 
aggregation in response to a thromboxane mimetic 
(U46619) was prevented by the in vivo administration of 
ridogrel.'4 


COMPARATIVE EFFECTS OF ASPIRIN, A 
SYNTHETIC THROMBIN INHIBITOR, AND A 
MONOCLONAL ANTIPLATELET 
Y COPROTEIN lib/lla ANTIBODY 
he comparative effects of intravenous aspirin, the 
thetic thrombin inhibitor, (2R, 4R)-4-methyl-1-[N?- 
methyl-1,2,3,4 - tetrahydro-8-quinolinesulfonyl)-L- 
arginyl]-2-piperidinecarboxylic acid monohydrate (arga- 
troban), and F(ab’)2 fragments of the monoclonal anti- 
y, 7E3, against platelet glycoprotein IIb/IIIa recep- 
(7E3-F[ab/]2) on thrombolysis, reocclusion and 
. bleeding associated with 0.45 mg/kg of body weight bo- 
Jus injections of recombinant t-PA were studied in a 
- canine coronary artery thrombosis model !? In these stud- 
. les, coronary artery thrombosis was induced by mechani- 
< cal damage to the endothelium. Total coronary artery 
- occlusion was confirmed by coronary arteriography. Four 
groups of animals were studied: group 1 animals were 
pretreated with 17 mg/kg of intravenous aspirin (n = 6); 
group 2 was pretreated with 200 ug/kg per minute of 
. intravenous argatroban for 60 minutes (n = 5); group 3 
was pretreated with aspirin and argatroban (n = 5); and 
group 4 was pretreated with 0.8 mg/kg of intravenous 
7E3-F(ab’)2 (n = 5). In group 1, reperfusion occurred in 
4 of 6 dogs, but did not persist. Reperfusion occurred in 4 
of 5 dogs in group 2, persisting in 1. In group 3, reperfu- 
‘sion occurred in all 5 dogs and persisted in 4; and in group 
4, reperfusion occurred in 4 of 5 dogs and persisted in 2 
(Fig. 5, Table II). Reperfusion i in group 3 animals was 
- significantly higher than in combined groups 1 and 2, 
- whereas the time to reperfusion was significantly shorter 
in the groups receiving argatroban than in the aspirin- 
eated group (25 vs 55 minutes, p = 0.04) (Fig. 5). 
There were significant differences between group 3 and 4 
imals i in the frequency. of Preteen: Bleeding ti t 


t-PA INFUSION TIME (min) 


SQ 29548 R 68070 


@ Reocclusion 
O No Reocclusion 


REOCCLUSION TIME (min) 





SQ 29548 R 68070 


FIGURE 4. Top, the reduction in the time required for throm- 
bolysis when tissue plasminogen activator (t-PA) is given to 
coil-induced 


ler ori iwarió falsa Ve dulay oc prévnt coronary arbi 
reocclusion. 


ls 


were prolonged from 4 + 1 to 5 + 3 minutes at 60 minutes 
in group 1;9 + 11 minutes in group 2; 12 + 11 minutesin. 
group 3; and 27 + 8 minutes in group 4 animals. One 
hour after the infusion, bleeding times were 5.0 + 0.9, 
+ 1.3, 14 + 9.2, and 26 + 9 minutes, respectively 
These data suggest that argatroban accelerates cor 
nary thrombolysis with t-PA and that the combination 
aspirin and argatroban delays or prevents coronary art 
reocclusion. These effects were achieved with less p 
nounced prolongation of the bleeding time th [ 
served with a potent ien glycoprotein 
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FIGURE 5. Schematic representation 
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or 7E3-F(ab')2. Open box, continuous in- 
travenous infusion of argatroban. Open —__ 
occlusion of the coronary artery. The half- 
open bar represents partial reflow. (Re-- 
produced with permission from J Am C. 
Cardiol.15) UM 
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TABLE It Effects of Aspirin, Argatroban and 7E3-F(ab’)2 on Coronary Artery Recanalization and Reocclusion With Recombinant. 


; Tissue-Type Plasminogen Activator 


Blood Flow 
: (ml/min) 
Experimental 
Baseline 


© argatroban 
| IV: 7E3-F(ab’)2 


Poststenotic PO RR 





Reperfusiont 


Coronary Patency* 
(frequency) 


Time (min) 


CR Total No. Mean + SD Median Range |. 


p= 0.036 for significant differences by Kruskal-Wallis nonparametric analysis of variance. 
: * Values are mean + standard deviation (SD) in responsive animals, and the median and range are values for the total group 


i tp = not significant versus aspirin. 


5 B = 0,009 versus pooled aspirin and argatroban groups, p = 0.064 versus argatroban and p = 0.008 versus aspirin. 
* Difference not significant versus pooled aspirin and argatroban and versus aspirin + argatroban. Unless indicated, values are mean + SD. 
CR» cyclic reflow; PO = persistent occlusion; PP = persistent patency, RR = reflow and reocciusion. 


(Reproduced with permission from J Am Coll Cardiol. +5) 


tive approach to improving coronary artery patency with 
thrombolytic therapy.'* 


CLINICAL EVALUATIONS 

<: Second International Study of Infarct Survival 
(ISIS—2): A multicenter, randomized trial of intravenous 
streptokinase, oral aspirin, both, or neither among 17,187 
patients with suspected myocardial infarction showed 
that intravenous streptokinase alone, aspirin alone, and, 
even more prfoundly, the combination of intravenous 
streptokinase and aspirin reduce mortality when given 
within the first 24 hours of symptom onset to patients 
with suspected myocardial infarction (Fig. 6).!! 

"These studies identify the importance of the adminis- 
tration of a platelet-active agent, such as aspirin, in poten- 
tiating the thrombolytic effect of streptokinase with re- 
gard to its ability to reduce mortality. The dose of aspirin 
used was 160 mg/day, and it was given immediately after 
the patient was identified. Bleeding risks were more fre- 
quent in patients receiving intravenous streptokinase. 
These data have served to encourage the administration 
of aspirin with thrombolytic intervention, and the dose 
used is usually one-half to 1 aspirin tablet per day. 

The Heparin-Aspirin Reperfusion Trial: Recently, 
the Heparin-Aspirin Reperfusion Trial (HART) was 


- completed. In this study, patients with acute myocardial 
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infarction presenting within 6 hours of symptom onset 
received t-PA and were randomized to immediate addi- 
tional therapy with intravenous heparin or oral aspirin.!6 
Patients receiving t-PA and heparin had an infarct-relat- 
ed artery patency rate of 82% on initial angiography. 


performed at a mean of 18 hours. In contrast, only 5226 of 


patients receiving t-PA and aspirin had a patent infarct- ^ : 
related artery (p <0.0001). Follow-up angiography at 7. 
to 10 days revealed equivalent patency rates of approxi- . 
mately 90%. The frequency of hemorrhagic and recur- 
rent ischemic events was similar for the adjunctive strate- 
gies. Ross et al concluded that these studies demon- 
strate that the thrombolytic effect of t-PA is markedly 
potentiated by the concomitant administration of intrave- 
nous heparin. It should be emphasized, however, that the 
dose of aspirin used was not large enough to guarantee 
suppression of thromboxane synthesis, especially in a 
clinical setting where systemic catecholamine concentra- 
tion was almost certainly markedly elevated. 


DISCUSSION m 

These studies indicate that the thrombolytic efficacy 
of the available thrombolytic interventions may be eri- 
hanced in experimental animals by a combined throm- 
boxane synthesis inhibitor and receptor antagonist and 


. with these agents and a serotonin receptor antagonist. A 
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monoclonal antibody to the platelet glycoprotein IIb/ IIIa 
receptor (platelet-fibrinogen receptor) exerts the same 
beneficial effects in experimental animals. Concomitant 
. administration of aspirin and heparin potentiates the 
thrombolytic effects of t-PA and streptokinase in hu- 
mans. These adjunctive strategies combined with throm- 
.. bolytic therapy appear to enhance reperfusion frequency 
: and delay or prevent coronary artery reocclusion. In ca- 
. nine models, selected platelet-active therapies markedly 
_ shorten the time to thrombolysis when given in combina- 
^s tion with t-PA, and they will most likely exert similar 
-effects with at least selected other thrombolytic interven- 
tions as well. 
. "These results are not surprising, in that platelets ad- 
here at sites of endothelial injury when the subendothe- 
um is exposed, such as occurs with atherosclerotic 
plaque fissuring and ulceration. The accumulation of 
. platelets at such sites is associated with local increases in 
thromboxane A» and serotonin concentrations, and, most 
likely, adenosine diphosphate and platelet activating fac- 


-. tor.$!7-!? In addition, Fitzgerald demonstrated that the 


- administration of the thrombolytic interventions, strepto- 


kinase and t-PA, stimulates platelet activation and 


thromboxane A» release. Thus, one would anticipate 
that therapeutic strategies that interfere with the effects 
of thromboxane A; and serotonin would enhance throm- 
bolysis and delay or prevent coronary artery reocclusion. 
The clinical observation that aspirin potentiates the 
thrombolytic effect of streptokinase in reducing subse- 
quent mortality i in Patients is not ev uneaner et based on: 


experimental data that are available.*-5:! 17-2? It remains 
to be determined whether combined thromboxane s 
thesis inhibition and receptor antagonism and a serotoni 
receptor antagonist, the monoclonal antibody to th 
platelet glycoprotein IIb/IIIa receptor or other antiplate 
let antibodies, antagonists, or synthetic peptides that 
block glycoprotein IIb/IIIa or Ib platelet receptors will. 
shorten the time to thrombolysis in patients. An anti 
thrombin intervention should be coupled with a thrombo- 
lytic intervention; heparin appears to be acceptable b 

in the future, more specific thrombin antagonists migh 
be used with a thrombolytic agent alone or coupled with 
heparin to enhance the thrombolytic effect. Additiona 
data related to thrombin inhibitors, alone and in. combi 
nation, will be forthcoming from clinical studies per 
formed in the near future. 
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Role of New Anticoazülams as 
Adjunctive Therapy During Thrombolysis 


Paul R. Eisenberg, MD, MPH 





Procoagulant activity may persist during coronary 

thrombolysis and result in either delay in the time 
to recanalization or recurrent thrombosis. Although 
heparin and aspirin form the mainstay of current 

therapy, recurrent thrombosis occurs despite ad- 

. | junctive heparin therapy during thrombolysis. 

< (Newer agents that inhibit thrombin by antithrombin 
Ill-independent mechanisms, or that inhibit earlier 
steps in the coagulation cascade, have been shown 

to be effective in the experimental preparation of 
coronary thrombolysis. Because heparin-antithrom- 
bin Ill is a relatively inefficient inhibitor of thrombin 

bound to fibrin, agents such as hirudin or small 

_ peptide inhibitors of the thrombin-active site ap- 

. pear to be more effective inhibitors of clot-associ- 
“ated thrombin activity. Inhibition of early steps in 

_ the coagulation cascade with the inhibitor of tissue 

- factor-factor Vila complex, or with activated pro- 

tein C, also appears to be an effective anticoagulant 
strategy. In experimental preparations all of these 
agents have shown superiority in preventing recur- 

int thrombosis compared with heparin, and in 

some cases they appear to accelerate the rate of 
clot lysis. 

d (Am J Cardiol 1991;67:19A-24A) 
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thrombosis are determined by a dynamic balance: 

between procoagulant factors that result in fibrin 
deposition and platelet aggregation, and fibrinolytic ac- 
tivity that induces plasmin-mediated clot lysis. The goal 
of pharmacologic plasminogen activation is to shift this. 
balance by markedly increasing fibrinolytic activity, th 
promoting clot lysis. However, procoagulant activity për- 
sists during thrombolysis and may result in either delay in 
the time to recanalization or recurrent thrombosis.! Pre- 
sumably, the inhibition of this persistent procoagulant 
activity accounts for the increased rate of recanalization 
and decreased rate of recurrent thrombosis observed with 
adjunctive heparin therapy during thrombolysis.^-^ Al- 
though heparin and aspirin form the mainstay of current 
therapy, recent data regarding potential mechanisms re- 
sponsible for persistent or increased procoagulant activity 
during thrombolysis suggest that new strategies for the 
inhibition of thrombin or other procoagulants may have 
advantages over currently available agents. 


Ts initiation and progression of coronary artery. 


MECHANISMS FOR INCREASED 
PROCOAGULANT ACTIVITY DURING 
THROMBOLYSIS 

The initial success of coronary thrombolysis depends 
on the extent to which plasminogen bound to fibrin 
activated to induce fibrinolysis, and the extent to which 
recurrent fibrin deposition and rethrombosis are inhibit- 
ed. Multiple mechanisms for persistent procoagulant ac- 
tivity during thrombolysis have been identified and may 
be important determinants of rethrombosis. These in- 
clude persistent expression of procoagulant factors asso- 
ciated with arterial wall injury,** procoagulant effects of 
the thrombus itself,’ alterations in the regulation of co- 
agulant and fibrinolytic activity by endothelium,’ and 
induction of procoagulant activity in plasma by activation 
of plasminogen (Fig. 1)..19-!? Whatever the initial stimu- 
lus, increased procoagulant activity leads to elaboration 
of thrombin, which induces fibrin formation and poly- 
merization as well as platelet activation. Recurrent 
thrombosis may also be due to factors that inhibit fibrino- 
lytic activity, thus attenuating fibrin lysis. _ 

Current strategies for inhibiting procoagulant activity D 
during thrombolysis include inhibition of thrombin and 
factor Xa with heparin, and inhibition of platelet activity 
with aspirin. Recent clinical trials have underscored t: 
role of adjunctive heparin and aspirin therapy duri 
thrombolysis by demonstrating increased coronary 
tency with heparin therapy in patients treated with t: 
plasminogen activator (t-PA)? and improved : survival in 


x patients treated with streptokinase and aspin s or as - 
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-. Procoaguiant Effects of Thrombus 
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FIGURE 2. Potential mechanisms for activation of the coagulation system in deep arterial wall injury. This scheme emphasizes _ Er 
the role of tissue factor (TF) and its regulation by lipoprotein-associated coagulation factor. A, TF exposed in the subendothe- 
u initiates coagulation by binding with factor VII or Vila, accelerating the activation of factor X. B, TF-factor Vila complex 
(Villa) can also catalyze activation of factor IX. C, activated factor IX (IXa) associates with factor Villa in a complex, most likely 
| cell phospholipid membranes, to catalyze the activation of factor X. D, factor Xa forms a complex with factor Va (prothrom- 
binase complex) on phospholipid surface membrane of cells, such as aggregated platelets, and activates prothrombin to throm- 

i- E, TF-mediated activation of the coagulation system is regulated by lipoprotein-associated coagulation inhibitor (LACH), — 

th is associated with lipoproteins in plasma. LACI binds to and inhibits either free factor Xa or factors Xa and Vila when 

| are associated with the TF factor Vila-Xa complex. All of these reactions in the formation of complexes require the pres- 


n ce of calcium and phospholipid. (Reproduced with permission from Eisenberg PR. Coronary Artery Disease 1990;1:159— 
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D 15 ET with that in patients treated with the 
ibrinolytic agent alone. Despite continuous infusion of 
ieparin, recurrent thrombosis may occur in 20 to 40% of 
patients treated with t-PA.!7 However, an analysis of 
everal trials by Raynaud and Desveaux!? revealed that 
eocclusion. occurs in approximately 16% of patients 
treated with t-PA, similar to that seen with other avail- 
le thrombolytic agents. = — 

l is also. known that aspirin-inhibited platelets can be 
ctivated by thrombin.!?2° In experimental preparations 
farterial elu recently developed antithrombin 
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agents have been shown to be more effective than heparin - 
in inhibiting rethrombosis, and they appear to accelerate 
the rate of clot lysis and inhibit platelet deposition.?!-?? 
Although development of thrombin inhibitors has been a 
major focus of current investigations, inhibition of pro- 
coagulant factors that lead to elaboration of thrombin - 
may be as effective and more efficient than inhibiting 


thrombin activity and may be less likely to cause bleeding — 


complications resulting from total inhibition of thrombin 
activity. Because multiple mechanisms exist for increased 


. procoagulant activity during thrombolysis, the value of 





































FIGURE 3. Mechanisms by which throm- 
bin can exert positive or negative feedback 
on activation of the coagulation system in 
tlie steps involving vitamin K-dependent 
; factors. The vitamin K-dependent: factors 

Thrombin exerts positive { feedback by acti- 
.. vating factor VIII, the cofactor for factor 
^; (Xa, or it may activate factor V, accelerat- 
ing the activation of prothrombin by factor 
<: Xa-Va complex. Thrombin may also ini- 
“tate anticoagulant mechanisms by activat- 

ing protein C, which proteolytically inacti- 

vates factor Va and Villa. HMWK = high- 

molecular-weight kininogen, (Reproduced 
; with permission from Eisenberg PR. Coro- 
: mary Artery Disease 1990;1:159-165.) 
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< Specific agents may vary depending on the factors respon- 
. sible for procoagulant activity, and the specific fibrinolyt- 
Ic ‘agent used may vary among patients. 


-Recent data suggest that the primary procoagulant in 
arterial wall injury is tissue factor. Tissue factor, the 
lipoprotein procoagulant in tissue thromboplastin, ap- 
pears to be present in the subendothelium of arteries, and 
its concentration may be increased in atherosclerotic 
plaque.°?* Tissue factor is expressed on the membranes 
of multiple cell types, and initiates activation of the ex- 
rinsic pathway by serving as a cofactor to factor VIIa, 
leading to the activation of factor X (Fig. 2).2° Because 
ue factor and factor VIIa may activate factor IX,’ 
h the classic intrinsic and extrinsic factors of coagula- 
may be activated by. exposure of tissue factor to 


Factor X —#» Factor Xa 
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Prothrombin —— —»- Thrombin 


_. protease alone. Thus, one 
inhibiting coagulation: is to 
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coagulation factors circulating in plasma. Recently, 
inhibitor of tissue factor-factor VIa complex, referred to 
as the lipoprotein-associated coagulation inhibit 

(LACI), has been identified.” This agent inhibits a 
vation of factor X by the tissue factor-factor VIla cor 
plex and the activity of factor Xa (Fig. 2). Activation o 
the coagulation cascade in vivo also depends on the a 
sembly of activated coagulation factors in complexes on 
cell. membranes.?? These complexes appear to have 
similar configuration, in which the vitamin K-dependent 
serine protease associates with a cofactor in the presence 
of calcium on phospholipid membranes, an example be 
ing the “prothrombinase complex" of factor Xa-factoi 
Va that activates prothrombin (Fig. 3). The importa: 
of these complexes is that they exhibit greater er 
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IGURE 4. Concentrations of fibrinopeptide A (FPA) at 5, 10 
.15 minutes in nonanticoagulated blood incubated at 37°C 
ith streptokinase (SK), either at 100 IU/ml (hatched bars) or 
000 IU/ml (gray bars), compared with the concentrations in 
blood incubated without SK. Significantly greater concentra- 
tions of FPA were measured at each time point in the pres- 
ence of SK, consistent with increased thrombin activity com- 
pared with that in blood incubated without SK (p <0.001 by 
analysis of variance for repeated measures). In blood incubat- 
with 1.0 U/ml of heparin, the concentration increased only 
minimally when incubated with SK (1,000 IU/ml); the maxi- 
mal increase was 38.2 4.7 aM at 15 minutes. 

































rotease-cofactor complex. Although specific agents 
ave not been extensively tested, preliminary results dem- 
nstrating anticoagulant properties of a peptide that in- 
ibits the membrane binding-portion of the factor X mol- 
ecule suggest that such a strategy may be successful?! 
. Coronary thrombi are typically platelet-rich, in part 
due to physical forces, such as shear stress, which results 
i increased platelet aggregation.?? In addition, thrombin 
a potent platelet agonist and appears to play a primary 
ole in platelet. activation and aggregation in response to 
arterial wall i injury. Thrombin also binds to subendotheli- 
al matrix, and is protected from inhibition by antithrom- 
bin III when bound to matrix proteins? Activated plate- 
ts release factor Va and provide a membrane binding 
te for the factor Xa-Va complex,?? potentiating arterial 
rombosis. Thus, in coronary thrombosis, tissue factor- 
mediated activation of the extrinsic pathway of coagula- 
tion leads to elaboration of thrombin, which amplifies the 
coagulant response by activating cofactors V and VIII 
and by activating platelets. 

_ Because expression of tissue factor appears to be a 
rimary stimulus, there has been considerable interest in 
ie use of LACI as an anticoagulant. Recently, LACI has 
been cloned and expressed i in quantities sufficient for use 
as adjunctive therapy in experimental preparations of 
coronary thrombolysis. In a canine preparation, adminis- 
ation of LACI after coronary thrombolysis with t-PA 
decreased the frequency of reocclusion compared with 
that after adjunctive therapy with heparin (Haskel EJ et 
al, unpublished observations). Thus, LACI appears to be 


steps of coagulation and factor Xa, the key step in activa- 
tion of the ‘coagulation cascade. 
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an attractive anticoagulant because it inhibits the initial . 


Thrombin-activated protein C is an important natural 
anticoagulant that acts by inhibiting cofactors V and 
VIII (Fig. 3). Recently, activated recombinant protein C 
has been developed for use as an anticoagulant; this agent 
was found to inhibit platelet dependent thrombosis in a 
primate arterial shunt preparation,” and its infusion sig- 
nificantly inhibited platelet deposition and fibrin forma- 
tion without significantly altering hemostatic variables. 
Presumably, the anticoagulant action of activated protein 
C reflects its ability to attenuate thrombin formation. 


PROCOAGULANT EFFECTS OF 
PLASMINOGEN ACTIVATION IN PLASMA 
Thrombin activity increases in patients given t-PA or 
streptokinase for myocardial infarction, judging from in- 
creases in the plasma concentration of fibrinopeptide A, a 
peptide cleaved from fibrinogen by thrombin.!.1035 Con- 
centrations increase in patients with myocardial infarc- 
tion within 30 minutes of initiation of an infusion of 
750,000 IU of streptokinase, and decrease after intrave- 
nous heparin.'? Incubation of nonanticoagulated whole 
blood with pharmacologic concentrations of streptoki- 
nase induces similar marked increases in thrombin activi- 
ty that can be inhibited by heparin (Fig. 4). However, 
high concentrations of heparin are required, relative to 
those typically achieved in patients with an intravenous 
bolus.!! The intensity of thrombin activity induced is less 
marked with t-PA, which is likely due to the preferential 
activation of plasminogen bound to fibrin as opposed to 
circulating plasminogen. The extent to which the pro- 
coagulant activity induced by plasminogen activation in- 
creases clotting appears to be mediated by the extent of 
fibrinogen degradation and elaboration of fibrinogen 
degradation products (FDPs), increased concentrations ' 
of which interfere with fibrin polymerization and platelet 
aggregation, thus attenuating the effects of increases in 
thrombin activity. In fact, higher FDP levels are seen in 
patients receiving streptokinase than in those adminis- 
tered t-PA, resulting in prolonged anticoagulant activity 
in streptokinase-treated patients. 


Although the specific mechanisms for activation of — .— . 
the coagulation system by plasmin are not yet defined, it |... 


appears that inhibition of thrombin with heparin-anti- 
thrombin III or hirudin is effective in limiting significant 
fibrin formation. These results emphasize the need: for 
concomitant administration of an anticoagulant when 
plasminogen activation is induced with fibrinolytic 
agents. Further characterization of the mechanisms re- 
sponsible for activation of the coagulation system by plas- 
min should allow for development of specific strategies to 
inhibit its occurrence. 


PROCOAGULANT ACTIVITY 
OF THE THROMBUS 

Increased procoagulant activity associated with the 
coronary thrombus is probably the most important deter- 
minant of the rate of clot lysis and the occurrence of 
rethrombosis. Thrombin. binds to fibrin in the thrombus 
and remains active, resulting in continued formation of 


- fibrin.^53635 During clot lysis, active thrombin may be - 
_ released or exposed on the thrombus surface.* Thrombin |. 





































bound to fibrin appears to be relatively protected from 


ss ‘< inhibition by heparin-antithrombin III, and thus conven- 
-tional adjunctive heparin therapy would be expected to be 






"relatively ineffective in inhibiting thrombin activity asso- 


elated with the thrombus. In addition to inducing fibrin 


formation, thrombin activity associated with the throm- 
bus may activate platelets, causing platelet aggregation 
and vascular occlusion.?! 

During the initial stage of thrombosis, factor XIIa 
not only induces cross-linking of fibrin, which stabilizes 
the fibrin mesh, but also cross-links o»-antiplasmin to 
fibrin. The o;-antiplasmin bound to fibrin in the throm- 


... bus appears to attenuate significantly the rate of clot 


lysis, judging from the accelerated lysis that occurs when 
a monoclonal antibody that inhibits o»-antiplasmin is 
administered with t-PA.!? 

A high concentration of platelets in coronary throm- 
bi appears to attenuate the rate of clot lysis induced 
_ by fibrinolytic agents, compared with the rate in platelet- 
:. poor thrombi. Although the mechanisms are not known, 
release of plasminogen activator inhibitor-1 by platelets 
may account for decreased lytic efficiency with t-PA.“ 


~ -COMPARISON OF NEW THROMBIN 
A INHIBITORS AND THEIR ROLE AS 


: ADJUNCTIVE AGENTS 
: Elaboration of thrombin appears to be the critical 
- determinant in the formation of a thrombus. Thrombin 
canactivate cofactors V and VIII to increase activation of 
prothrombin, convert fibrinogen to fibrin, activate factor 
XIII to stabilize the forming fibrin mesh, and activate 
; platelets. Recently, several experimental studies showed 
that new thrombin inhibitors with mechanisms of action 
- that are antithrombin II-independent are more effective 


? - than heparin in preventing platelet-rich arterial thrombo- 
~ sis! and in inhibiting reocclusion after thrombolytic 


therapy.?! ?? The potency of these new thrombin inhibi- 
tors may be attributable to their greater inhibitory activi- 
©: ty toward thrombin bound to fibrin, compared with hepa- 
rin-antithrombin HI. 

Thrombin binds to fibrin at 2 distinct sites, 1 near the 
active site and the other referred to as the anion exosite.*? 
The anion exosite also appears to be involved in thrombin 
binding to heparin, heparin fractions, hirudin, throm- 
.''bomodulin (Fig. 3), and platelet receptors.? Potent 


Ue thronibin inhibition can be achieved by inhibition of an- 


ion exosite-mediated binding with fragments of hirudin, a 
small peptide isolated from leech salivary glands, **^? and 
other peptides recognized by thrombin.^ In addition to 

binding to the anion exosite, hirudin binds to the throm- 


.... bin-active site, inducing irreversible inhibition. Potent an- 


© tithrombin III-independent inhibition of thrombin activi- 
ty has also been achieved with small synthetic peptide 
- inhibitors that bind to the thrombin-active site.*^^5 Pre- 
= sumably, such inhibitors would have access to the active 
. site even when thrombin is bound to fibrin. Several of 
these antithrombin II-independent inhibitors have been 
veloped for clinical use and appear to have the potential 


ced by fibrinolytic agents, and prevent rethrombosis 
fter r tirombolyie therapy. _ 
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prevent arterial thrombosis, accelerate. clot lysis in-- 






























































Weitz et al’ found in an in 1 vitro ‘dot lysis system th 
heparin-antithrombin III was relatively inefficient at in- 
hibiting thrombin activity associated with clot. Hirudin 
was more effective than heparin-antithrombin III in in- 
hibiting clot-associated thrombin activity, but hiruger 
(which inhibits only anion exosite-dependent binding. 
was more effecive than hirudin. Similarly, d-phe-pro-arg 
chloromethyl ketone (PPACK), a small peptide inhibitor 
of the thrombin-active site, was equally effective in inhib- 
iting clot-associated thrombin activity and thrombin ac- 
tivity in solution. Hirugen and other peptides derived 
from the region of hirudin that interact with the anion 
exosite have been found in other in vitro studies to be 
more potent inhibitors than hirudin.*^^9 Nonetheless, 
hirudin is a potent antithrombin in vivo and has been 
shown to inhibit platelet-rich arterial thrombosis in re- 
sponse to vessel wall injury.2? Heparin in the same mode 
was relatively ineffective, even at very high concentra- 
tions. Hirudin has also been shown in an experimenta 
canine preparation to prevent rethrombosis after throm- 
bolysis, and because of these encouraging preliminary 
results, there is considerable interest in a clinical trial o 
recombinant hirudin. Whether derivatives of this agen’ 
will be more effective than the parent molecule remain: 
to be established, but based on in vitro results, inhibition 
of the anion exosite appears to be a particularly effectiv 
strategy for inhibiting thrombin. 

Several small synthetic inhibitors of thrombin hav 
been developed. Argatroban, one of these inhibitors, ap- 
pears to be particularly promising based on results oi 
preliminary studies. In canine preparations, this drug ac- 
celerated the time to clot lysis and prevented coronary 
reocclusion in a preparation of coronary thrombolysis 
with residual high-grade stenosis? Whether these. 
agents will have advantages over hirudin remains to be 
established. 


CONCLUSIONS 

Multiple mechanisms appear to contribute to in-. 
creased procoagulant activity during thrombolysis and 
will need to be defined more extensively. However, itis 
apparent that the consequences of increased procoagu 
lant activity are delay or failure of clot lysis and recurrent: 
thrombosis. Although heparin is effective in limiting 
some of the procoagulant activity that occurs, more effec 
tive strategies are emerging. Preliminary results suggest - 
that more potent thrombin inhibition or inhibition of fac- 
tors that initiate thrombosis as adjunctive therapies dur- 
ing thrombolysis may be more effective than hepari 
alone. 
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"Adjunctive Use of Beta 


-Adrenergic | ! 


. Calcium Antagonists and Other Therapies in 
Coronary Thrombolysis — 


Richard C. Becker, MD, and Joel M. Gore, MD 


‘The availability of thrombolytic agents for use in 
‘the treatment of acute myocardial infarction is an 
"important step in the management of a common, 
often debilitating, and potentially lethal disorder. 
_ However, despite the proven benefits of coronary 
"thrombolysis, the importance of adjunctive treat- 
ment modalities is being increasingly recognized. 
.f-adrenergic blockers, calcium antagonists, ni- 
trates, magnesium, and angiotensin-converting en- 
zyme inhibitors each exert favorable cardiovascu- 
lar properties that may offer additional benefits. 
"Clinical trials combining thrombolytic and adjunc- 
tive pharmacologic agents offer hope for further 
advances in the treatment of acute myocardial 
infarction. 
: (Am J Cardiol 1991;67:25A-31A) 
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ment of acute myocardial infarction (MI), redu 

ing infarct size, preserving ventricular function, 
and improving patient survival. However, MI remains a 
leading cause of morbidity and mortality, and is responsi- 
ble for >600,000 deaths in the United States annually. 
Moreover, patients surviving an MI remain at. substa al 
risk for reinfarction and sudden cardiac death. Cle 
despite the benefits of thrombolytic therapy, the us 
adjuvant therapies, including -adrenergic bl 
magnesium, nitrate preparations, calcium antagon 
and angiotensin-converting enzyme (ACE) inhib 
must be explored. 


os: therapy has revolutionized the tr 


BETA-ADRENERGIC BLOCKERS 

Beta blockers reduce myocardial oxygen demand 
through a reduction in heart rate, systemic blood pressure 
and myocardial contractility. In addition, they counter 
the excessive production of catecholamines frequently 
seen in acute MI. Given these favorable properties, 
B blockers have been extensively investigated in the set- 
ting of acute MI.! 

When given intravenously during the early stages of 
infarction (<12 hours from symptom onset), 6 blockers 
have been shown to reduce both infarct size and the 
incidence of complex ventricular arrhythmias. The im- 
pact of 6-blocker therapy on in-hospital mortality, r 
infarction and cardiac arrest has been examined in a total 
of 27 randomized trials involving more than 27,000 pa- 
tients.! Overall, patients treated with 8 blockers experi- 
enced a 13% reduction in mortality; the survival advan- 
tage was most evident during the first 2 postinfarct days. . 
Patients treated with 8 blockers also had a reduction iñ 
nonfatal reinfarction and cardiac arrest of 19 and 16%, 
respectively. 

The decreased mortality rate during the initial: 48- 
hour postinfarction phase may, at least in part, translate 
into a reduction in myocardial rupture. If this is indeed 
the case, 8 blockers may have an additional role’ in p: 
tients receiving thrombolytic therapy in whom the inci- 
dence of myocardial rupture may be increased when 
treatment is initiated relatively late (>12 hours) after _ 
symptom onset.* 

In the recently completed Second Thrombolysis, ir in 
Myocardial Infarction (TIMI-2) trial? a subgr 
1,390 patients were randomly assigned to intmediat 
travenous metoprolol followed by oral met 


: metoprolol mon on porna e 6. Pati 
ke 














eligible. Whereas in-hospital and 42-day mortality rates 
were similar in both treatment groups, patients random- 
ized to immediate intravenous 8 blockade experienced 
significantly fewer recurrent ischemic events and nonfa- 
„tal reinfarctions. Furthermore, patients treated within 2 

< hours of symptom onset and those in a low-risk subgroup 

derived the greatest overall benefits, experiencing signifi- 

cant reductions in cardiac events (death, recurrent infarc- 
tion) at 42 days. 

In TIMI-2B, a trend toward less frequent intracranial 
-hemorrhages was observed in patients assigned to imme- 
diate B-blocker therapy. Of particular interest, intracra- 
‘nial hemorrhagic events were not observed among 631 
` patients treated with intravenous metoprolol and 100 mg 
f tissue-type plasminogen activator (t-PA) (Gore et al, 
npublished observations). A critical examination of the 
available data supports the adjuvant use of 8 blockers in 
"the treatment of patients with MI receiving thrombolytic 
therapy. 






MAGNESIUM 

In recent years, considerable attention has been paid 
to the role of magnesium (Mg?*) in cardiovascular dis- 
ease." Magnesium plays an essential role in maintaining 
cellular membrane potential at rest. Mg?* deficiency is 
associated with: (1) a reduction in intracellular potassi- 
. um; (2) an increase of intracellular sodium; and (3) aug- 
“mentation of cell excitability. In patients with acute MI, 
everal studies reported a transient decrease in serum 
Mg?* levels, resulting from adrenergic stimulation and 
"increased aldosterone secretion. 
 Dyckner? observed a 46% incidence of hypomag- 
' nesemia among 342 patients with acute MI. In addition, 
patients with hypomagnesemia were found to be at in- 
-creased risk for ventricular arrhythmias. Three placebo- 
controlled, double-blinded studies examined the effects of 
magnesium administration in patients with known or sus- 
pected acute MI.?-!! In each study, Mg?* administration 
as associated with a 50% reduction in ventricular ar- 
hythmias. In one study,!! early Mg?* administration 
(within the initial 24 hours of suspected acute MI) was 
ssociated with a significant reduction in 1-year mortali- 
ty. The mechanisms underlying magnesium's beneficial 
effects in acute MI are likely multiple, including antiar- 
rhythmic, antispasmodic and antithrombotic properties. 
The antithrombotic properties of Mg?* were investi- 
gated in a number of experimental animal models. De- 
creased platelet adhesion and aggregation were demon- 
-strated in injured or stenosed canine arterial segments 
‘pretreated with Mg?*. In addition, repeated intravenous 
infusions of isotonic MgCl; were shown to decrease local 
trombus formation and prevent distal arterial emboliza- 
n.!^? Vascular spasm can be prevented with Mg?*, 
hereby limiting platelet-mediated vasoconstriction." 

- In patients with acute MI, hypomagnesemia is associ- 
ated with increased platelet aggregability.!^ Therefore, it 
could conceivably play a role in thrombolytic resistance 
and coronary arterial reocclusion. Moreover, a transient 
-State of Mg?* deficiency could also limit microvascular 
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blood flow, increasing infarct: size eand adversely : Hecting 
myocardial function.!5.!6 : 

Routine determination of Mg* levels should. be per- 
formed in patients with a high likelihood of hypo- 
magnesemia, including those with congestive heart fail- 
ure or systemic hypertension who are receiving diureti 
therapy. Magnesium supplementation should be given as 
indicated. It must be appreciated, however, that even i 
the presence of normal serum Mg?* levels, many patients 
may have low intracellular levels. Therefore, in patients - 
with either torsades de pointes ventricular tachycardia or — 
complicated MI, Mg?* administration may be benefi cial | 
regardless of the serum Mg?* level. : 

The potential importance and clinical relevance of 
Mg?* deficiency in MI dictates that further evaluation be 
undertaken. At this time, it appears that ISIS-4 (Fourth 
International Study of Infarct Survival) will explore this 
area. 






































































NITRATE PREPARATIONS 
Intravenous nitroglycerin, when used in the setting of 
an evolving acute MI, has been shown to limit infarct siz 
prevent infarct expansion, and decrease both morbidity 
and mortality. These benefits are most likely related toan. 
improvement in the balance between myocardial oxygen 
supply and demand. The use of intravenous nitrates has 
not been independently assessed, however, in clinical tri- 
als of thrombolytic therapy. 
A recent study by Jugdutt and Warnica!? found that 
intravenous nitroglycerin reduced infarct size in both an- 
terior and inferior locations. The benefit was greatest i 
patients given therapy within 4 hours of onset of symp- 
toms and in those in whom a mean systemic blood pres- 
sure of 80 mm Hg was maintained. An improvement in 
left ventricular ejection fraction and hemodynamic. pa 
rameters was also observed. Moreover, nitroglycerin re- 
duced the frequency of infarct-related complications, in- _ 
cluding infarct expansion and extension, cardiogenic 
shock, cardiac death and left ventricular thrombus for: 
mation. In the setting of coronary thrombolysis, the fa 
vorable hemodynamic properties of nitrolgycerin, cou 
pled with its ability to reduce myocardial ischemia, may 
be of particular importance. Conceptually, nitroglycerin 
may initiate a series of protective effects that could subse- 
quently be maintained with the addition of an ACE in- 
hibitor in the early postinfarction phase. E 
In MI, nitrate tolerance develops progressively during 3 
prolonged intravenous infusions. At low doses, however, - : 
tolerance is only partial and does not compromise the 
beneficial effects of therapy. S) 
Previous in vitro and in vivo studies showed that nitro- : 
glycerin has platelet-inhibiting properties.'*'? However, 
the antiplatelet effects were inconsistently observed and - 
frequently were produced only with extremely high con- 
centrations of nitroglycerin. A recent clinical study2° per- 
formed in patients with acute ischemic syndromes did - 
demonstrate, however, that nitroglycerin given in stan- 
dard doses decreases adenosine diphosphate and throm- ^ 
bin-mediated platelet aggregation. Of interest and clini- ub 





































































eal relevance, the antiplatelet effects were quickly re- 
-versed with discontinuation of the nitroglycerin infusion. 
The mechanism(s) underlying nitroglycerin’s anti- 
platelet properties have not been fully defined. Although 
- some evidence supporting an increase in prostacyclin gen- 
eration exists,?! current evidence suggests that nitroglyc- 
erin may stimulate guanylate cyclase, resulting in an 
| increase in cyclic guanosine monophosphate.” Although 
. limited investigation has taken place, nitroglycerin's anti- 
- platelet properties may be of importance in promoting 
successful coronary thrombolysis and preventing reocclu- 
- sion. They may also aid in the maintenance of microvas- 
cular blood flow after coronary reperfusion. 
Intravenous heparin is a frequently used adjunct with 
= intravenous nitroglycerin. Patients receiving intravenous 
infusions of both agents often require a larger heparin 
‘dose to achieve and maintain a therapeutic state of sys- 
temic anticoagulation than patients receiving intravenous 
heparin alone. In a study performed at our institution,” 
. patients receiving intravenous nitroglycerin at relatively 
~ low infusion rates did not manifest heparin resistance. 
However, patients given high infusion rates (2350 ug/ 
min) required increased amounts of heparin to maintain a 
"therapeutic state of systemic anticoagulation. Moreover, 
antithrombin III activity was significantly decreased and 
< correlated directly with the intravenous nitroglycerin 
_ dose. In clinical practice, it is possible that nitroglycerin- 
induced heparin resistance may compromise overall 
treatment response. This may be of particular importance 
coronary thrombolysis, where adequate heparinization 
is of critical importance, preventing coronary reocclusion 
. and left ventricular mural thrombus formation.?5?5 In 
.. addition, intravenous nitroglycerin-induced heparin resis- 
"tance could increase the risk of hemorrhagic complica- 
-. tions associated with systemic anticoagulation. Theoreti- 
cally, after a reduction in intravenous nitroglycerin dose 
‘to <350 ug/min, its inhibitory effects may lessen sub- 
stantially (reduced heparin resistance), causing a state of 
“excessive systemic anticoagulation. 
: Intravenous nitroglycerin is a highly effective agent in 
| patients with acute MI. Its coronary vasodilating, preload 
- reducing and antiplatelet effects justify nitroglycerin’s 
routine use during the initial 24 to 48 hours after the 
< administration of thrombolytic therapy. 





CALCIUM ANTAGONISTS 
5.7 The mechanism of cellular injury during ischemia and 
. reperfusion is an area of great interest and clinical impor- 
‘tance. Despite a paucity of direct evidence, calcium ap- 
pears in a prominent position in most hypothetical 
schemes that link the interruption and restoration of 
blood flow to histologic and functional abnormalities 
within the myocardium.?^?5 A sudden rise of intracellular 
calcium (1) depletes high-energy phosphate stores; (2) 
decreases oxidative phosphorylation; (3) activates en- 
zymes capable of damaging cell membranes and cyto- 
skeletal proteins; (4) alters the functional capabilities of 
silular proteins; and (5) increases arrhythmias mediated. 
y delayed after-depolarizations (Table 1).2-7 






A 2e nucleotides are interrelated factors i in the coupling 


TABLE I Physiological Effects of intracellular Calcium 
Accumulation 










» Depletion of high-energy phosphate stores 
Decreased oxidative phosphorylation 
Activation of cytotoxic enzymes 

Altered cellular protein function 

increased substrate for ventricular "late potentials" 









































To date, 22 clinical trials have examined the effects of 
calcium antagonists (nifedipine, verapamil, diltiazem) on 
clinical outcome among patients with either a threatened 
or confirmed MI.2?-56 Overall, beneficial effects on in- 
farct size, left ventricular function, progression to infarc- 
tion, recurrent angina, rate of reinfarction and mortality 
have not been observed. In fact, a number of trials identi- 
fied an unfavorable outcome among patients treated with 
the calcium antagonist nifedipine.?235-3? 

The Diltiazem Reinfarction Study??? is the only clin- 
ical trial that addressed the specific issue of non-Q-wave 
MI. Overall, 567 patients were randomly treated with 
either diltiazem (90 mg every 6 hours) or placebo be- 
tween 24 and 72 hours after the onset of infarction. At 14 
days, patients receiving diltiazem were found to have a 
significantly lower incidence of recurrent infarction, post- 
infarction angina, and angina associated with ST -T-wave 
changes than patients given placebo. 

The Multicenter Diltiazem Postinfarction Trial," 
while not designed specifically to investigate patients with 
non-Q-wave infarctions, did include 634 such patients. 
The cumulative incidence of cardiac death and nonfatal 
reinfarction at 1 year was 15% in the placebo group 
versus 9% in the diltiazem group, a reduction of 40%. This 
beneficial effect was maintained for >4 years. Therefore 
diltiazem has been recommended for patients sustaining 
a non-Q-wave MI in whom left ventricular function is 
preserved. 57-59 : 

The beneficial effects observed in short- and long 
term trials with the calcium antagonist diltiazem, coupled 
with the histologic and anatomic similarities between 
spontaneous and pharmacologically induced reperfusion 
in MI, suggest that it may serve as an important adjuvant 
after coronary thrombolysis.9)9' Despite theoretical and 
clinical support, however, randomized trials of diltiazem 
in combination with a thrombolytic agent have not been | 
performed. In contrast, an isolated study including 149 
patients with MI receiving thrombolytic therapy in com- 
bination with nifedipine failed to identify a significan 
improvement in global left ventricular function, regiona 
wall motion, infarct size or early mortality.9? : 

The mechanism(s) underlying the beneficial effects o 
diltiazem in patients with non-Q-wave MI are being in 
tensely investigated. Beyond the ability of diltiazem (and - 
other calcium antagonists) to reduce systemic blood pres- 
sure, dilate coronary arteries, improve myocardial blood 
flow and reduce ventricular wall stress, the capacity to 
prevent reinfarction suggests that it may possess anti- 
thrombotic properties as well. Indeed, calcium ions and 
















































'ABLE Ii Physiological Effects of Angiotensin-Converting : 
nzyrne Inhibitors on the Coronary Vasculature 














' Increased coronary blood flow 
t: Decreased cellular proliferation 
<e Decreased inflammatory response to local injury 
'«. Decreased edema formation 
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FIGURE 1. Myocardial injury activates the renin-angiotensin 
system, which in turn exerts a number of unfavorable proper- 
ties on the myocardium, peripheral vasculature and coronary 
arteries. 


f extracellular messages to intracellular responses, such 
s platelet activation. Calcium antagonists have been 
hown to decrease platelet nucleotide release, throm- 
boxane A; generation and aggregation in response to 
\denosine diphosphate, collagen and epinephrine.® Dilti- 
izem appears to have the greatest overall antiplatelet 
properties and, in addition, its effects are enhanced in 
he presence of 8-adrenergic blockers? and low-dose as- 
pirin. Moreover, diltiazem has been shown to inhibit 
platelet activating factor" and increase vascular endo- 
helial prostacyclin release.9? 

- Overall, the antiplatelet properties of calcium antago- 
nists may reduce thrombotic tendency; however, they 
_ may impair systemic hemostasis as well.9?? In the com- 
bined TIMI-2 pilot and randomized clinical trial, 3,924 
patients with MI were treated with t-PA, heparin and 
aspirin. Adverse neurological events occurred in 56 pa- 
ients, 23 of whom had an intracerebral hemorrhage. Of 
nterest and clinical importance, patients receiving calci- 
m antagonists at the time of their MI had a fourfold 
increased risk of an intracranial hemorrhage. This risk 
persisted after controlling for t-PA dose and other poten- 
al risk factors (Gore et al, unpublished observations). 
"The available evidence suggests that the combined 
- administration of calcium antagonists and thrombolytic 
gents warrants further investigation. 
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ENZYME INHIBITORS zs 
Specific genes coding for renin and angiotensin | are 
expressed in all regions of the heart, including the epicar- 
dial coronary arteries and resistance arterioles. Function- _ 
al and physiologically active pathways required for the- 
conversion of angiotensin I to angiotensin II are also 
present."! Locally generated vascular angiotensin is inti- 
mately involved in the regulation of coronary blood flow, |. 
and it also participates in the vascular response to injury 
by stimulating cellular proliferation, inflammation and 
edema formation (Table II).?-74 : 

Angiotensin-converting enzyme inhibitors antagonize. | 
the renin-angiotensin system locally by preventing the — - 
synthesis of vascular angiotensin Il, a potent vasocon- - 
strictor, and by facilitating the generation of vasoactive . 
mediators such as bradykinin, prostacyclin and endotheli- 
um-derived relaxing factor.75.6 

With MI, the onset of myocardial injury triggers a 
sudden and profound increase in activity within the sym- 
pathetic and renin-angiotensin systems. It has been dem- «. 
onstrated that patient outcome may, in fact, be predicted. 
by the intensity of the neurohumoral response to myocar- 
dial injury.” By increasing myocardial oxygen de- 
mands and enhancing coronary arterial vasoconstriction, 
neurohumoral activation can promote infarct expansion, 
recurrent ischemia, reinfarction, congestive heart failure 
and malignant arrhythmias.” In addition, angiotensin II 
may possess toxic properties similar to those of norepi- 
nephrine, which can directly and adversely affect the 
myocardium (Fig. 1).8° 

Beta-adrenergic blocking agents have been shown to. . 
improve patient outcome after MI. These beneficial ef- 
fects may indeed be the direct result of their ability to 
attenuate heightened sympathetic tone in the peri-infarc- 
tion and postinfarction phases.? In experimental models, 
ACE inhibitors have been shown to decrease infarct size 
and enhance myocardial performance.’!*2 In addition, 
patients receiving ACE inhibitors after MI are less likely 
to develop either infarct expansion???^ or experience . 
high-grade ventricular arrhythmias. Experience with 
coronary occlusion-reperfusion models in animals dem- 
onstrated that anatomic and metabolic abnormalities 
within the microvasculature, including capillary disrup- 
tion, endothelial swelling, intraluminal protrusions, myo- 
cyte swelling with capillary impingement, mitochondrial... 
calcium accumulation, and leukocyte plugging, occur at 
the moment of reperfusion.56 8° Human autopsy studies  : 
after coronary thrombolysis identified areas of contrac- > 
tion band necrosis (a reperfusion-mediated phenomenon) 
within the infarct zone,” and although contraction band. _ 
necrosis may represent irreversibly damaged myocytes, 
recent evidence suggests that these areas may indeed be. 
salvageable.?! : 

The mechanism underlying reperfusion i injury i is not 
reperfusion itself but reoxygenation.?? Consequently, the 
contribution of oxygen-derived free radical injury during S 
reperfusion has become a major area of concern in pa- — 
tients receiving thrombolytic therapy. Oxygen Tadical 





































are capable of reversibly or irreversibly damaging com- 
pounds of all biologic classes, including nucleic acids, 
teins, lipids, carbohydrates and connective tissue mac- 
molecules. Oxygen radicals may also adversely influ- 
ence membrane function, cellular metabolism and gene 
expression.?? 
Under experimental conditions, ACE inhibitors have 
been. shown to improve ventricular contractile dysfunc- 
_ tion and reduce malignant ventricular arrhythmias after 
reperfusion. While the mechanisms are multifactorial, 
including (1) increased myocardial blood flow, (2) pres- 
ervation of intracellular high-energy phosphates, and (3) 
_ attenuation of the renin-angiotensin system,?*?" the abil- 
ity of ACE inhibitors to act as free-radical scavengers 
remains controversial. Recent evidence suggests, how- 
ever, that ACE inhibitors do not directly scavenge free 
radicals, but act indirectly as antioxidants, or by altering 
. the intracellular concentration of cytochrome C.?* 
Thrombolytic therapy is designed to establish vessel 
patency and restore blood flow to a threatened myocardi- 
um. Despite recent evidence that the renin-angiotensin 
system is activated locally by vascular injury, t-PA, and 
. plasmin, 99,100 and experimental and clinical evidence sug- 
-gesting a role for ACE inhibitors in the prevention of 
. reperfusion injury, infarct expansion, and malignant ar- 
rhythmias, trials investigating combined thrombolytic 
id ACE inhibitor therapy have been scarce. Preliminary 
esults from a recently completed pilot study!?! suggest, 
wever, that large-scale clinical trials are indeed war- 
anted. It is anticipated that ISIS-4 will explore this area 


of investigation. 
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: ata from the Heparin-Aspirin Reperfusion Trial, 
Des and Sixth European Cooperative Study 
Group trials confirmed the benefits of early in- 

| venous heparin as an adjunct to thrombolytic therapy 
ith tissue plasminogen activator (t-PA). The second 
Gruppo Italiano per lo Studio della Sopravvivenza 
nell'Infarto Miocardico (GISSI-2) suggested that strep- 
:tokinase and t-PA were equally effective in reducing mor- 
tality associated with acute myocardial infarction; how- 
ever, critics noted that the heparin regimen used in 
GISSI-2 was delivered subcutaneously and was therefore 
suboptimal in conjunction with t-PA. Investigators con- 
cluded that the. need for heparin administered early and 
1 high doses is greater in patients treated with t-PA than 
hose treated with streptokinase, because t-PA has less 
temic anticoagulant effects than does streptokinase. 
sults of 2 large international trials will be forthcom- 
‘hopefully will shed more light on the role of 
inctive agents in thrombolysis. The third Internation- 
dy of Infarct Survival (ISIS-3) will compare dute- 
urroughs Wellcome t-PA formulation), strep- 
' and anisoylated plasminogen activator complex 
000 patients. However, in this trial, the heparin 
; also suboptimal for use with t-PA, because 
will be administered subcutaneously 4 hours af- 

















ont the. Department of Cardiology, Baylor College of Medicine, 
ouston, Texas. 
- Address for reprints: Robert Roberts, MD, Baylor College of Medi- 
cine, 6535 Fannin, MS F-905, Houston, Texas 77030. 





ter initiation of therapy. Also, the t-PA that will be used 
in ISIS-3 appears to be underdosed, compared to the 
alteplase regimen currently used in the United States. 
Recent reports suggest that duteplase will not: be märket- 
ed in the United States. Thus, ISIS-3 will not be a true 
comparison of the 3 agents. Such a comparison would 
necessitate use of early intravenous heparin with We à 
quate dosing in the t-PA arm. 5 

In response to questions raised by GISSI-2, a new tríal : 
is planned to evaluate t-PA and streptokinase with an _ 
appropriate heparin regimen. The Global Utilization of. 
Streptokinase and t-PA for Occluded Arteries (GUSTO) — 
trial will be conducted outside the United States and will 
include 730,000 patients. At present, the protocol is 
planned to include 3 arms: a rapid infusion dose of up to 
100 mg of t-PA administered over 90 minutes; a standard 
dose of 1.5 million U streptokinase administered over 60 
minutes; and a combination arm of 1 mg/kg (maximum, 
90 mg) t-PA administered over 60 minutes (with 1076 as 
a bolus), plus 1 million U streptokinase over 60 minutes. 
The rationale for the combined arm is to use t-PA to open 
the artery, and then streptokinase as a "super heparin" to 
maintain patency over the first 24 hours. The primary 
end point will be mortality at 30 days. GUSTO Should 
begin enrolling patients shortly. 

Overall, the studies to date suggest that heparin and 
aspirin are important adjuncts to thrombolytic therapy, 
and that newer adjunctive strategies will be useful in 
shortening the time to thrombolysis and maintaining pa- 
tency by preventing reocclusion/rethrombosis. 
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Introduction 





in the etiology of essential hypertension was con- 
troversial until 1 to 2 decades ago. It has now 
been clarified at least to some extent. Doctor Julius has 
shown some evidence that strongly suggests that the SNS 
may play a role in young borderline hypertensive individ- 
uals whose hemodynamics are characterized by in- 
creased heart rate, cardiac output and plasma norepi- 
nephrine levels. He attributes these abnormalities to al- 
5 .. terations in the higher integrative centers in the medulla 
oblongata. As hypertension becomes established, how- 
ever, heart rate and cardiac output decrease and sympa- 
thetic tone seems to decrease, even though high blood 
sure is still maintained by increased vascular resis- 
ce. In this connection, he proposes the interesting 
concept of the “blood pressure-seeking property of the 
sntral nervous system [CNS],” implying that one may 
iost properly control blood pressure by intervening at 
the level of the CNS. 
One way of blocking the effect of the SNS on the 
circulation is with an antagonist at the 8-adrenoceptor 
.... level. This was discovered nearly 30 years ago by Doctor 
Black, for which he received a Nobel Prize in 1988. Ever 
-< since, many types of 8 blockers with different properties 
have been developed. Of these, hydrophilicity, with or 
-. without intrinsic sympathomimetic activity (ISA) and/ 
|. or membrane stabilizing activity, duration of action, 
"presence or absence of vasodilation, etc., are reviewed by 
:::: Doctor Imai. 
: Use of a 8 blocker was first applied to the treatment 
of angina because it blocked adrenergically driven cardi- 
ae work. It was found by Dr. Prichard, in 1965, that 8 


a T he role of the sympathetic nervous system (SNS) 
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and concluded that in several respects 9 blockers appe i 
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< to hold promise for the future treatment of hy pereas. 
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blockers produce an accompanying reduction of blood: 
pressure, which opened the way for their application to ; 
the pharmacotherapy of hypertension. As Doctor Man | 
in't Veld points out, this action of the 8 blockers was - 
thought to be due to a decrease in cardiac output, but not 
in vascular resistance. However, as he demonstrates, all 8 
blockers eventually reduce vascular resistance. : 
Doctor Tochikubo warns that blood pressure should ` 
not be reduced too much at night, since elderly hyperten- 
sive patients have especially low cardiac output at night 
and their blood pressure is regulated mainly by vascular. 
resistance. Therefore, he cautions against the use of di- 
rect vasodilative drugs in elderly hypertensive patients, - 
and believes that 8 blockers are preferable. 
The final goal of antihypertensive therapy is to pre- 
vent cardiovascular accidents. However, despite great. 
expectations, several large-scale clinical trials have failed 
to demonstrate that 8 blockers, together with diuretics; 
are able to prevent coronary artery disease. Of many ` 
possible reasons for this, adverse effects on other risk 
factors, such as lipid and glucose metabolism, have been: 
suggested, as reviewed by Doctor Weidmann. According 
to his analysis, diuretics and 8 blockers without ISA 
seem to be the worst in this respect, whereas 8 blockers 
with ISA are better and a blockers are the best. Calcium » 
antagonists and angiotensin-converting enzyme (ACE) — 
inhibitors seem to be neutral in terms of lipid and glucose 
metabolism. í 
Doctor Widimsky et al discuss their experience in . 
Czechoslovakia with bopindolol, a long-acting (once-a- - 
day administration) 8 blocker with ISA. In both open - 
and double-blind studies, they have reported excellent _ 
efficacy for bopindolol, including improvement in the - 
atherosclerotic index, in apolipoprotein A /apolipoprotein | 
B and in platelet aggregation, without serious adverse 
reactions and without any deterioration in glucose me- 
tabolism. 
Finally, Doctor Hansson has reviewed all 8 bl ockers . 













ea igo, of newer dig a ae as 

cium antagonists and ACE inhibitors, especially with 
egard to their effects on lipid and glucose metabolism. 
In this supplement, however, we learn that sympa- 
tic mechanisms are involved in the etiology of essen- 
ial hypertension. Therefore antagonists of this system — 
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.. bopindolol —remain essential not only i 








Bblockerssuchas — 
theory, i ie., be- 
cause of their efficacy and. tolerability, but also for their — — 
effects on lipid and glucose metabolism, quality of life 
and duration of therapeutic effect. Cardioprotectis 
fects, therefore, can still be expected in theory, Mt 
while, we must wait for clinical confirmation o a Pr 
mary cardioprotective effect. 


such as 8 blockers, epeialyi impr 



































Autonomic Nervous System Dysregulation in 
Human Hypertension 


Stevo Julius, MD, DSc 


. An increased sympathetic drive combined with 
-decreased parasympathetic inhibition is found in 
patients with borderline hypertension, who char- 


.. acteristically have rapid heart rates, high cardiac 


pu output and relatively normal vascular resistance 
| (hyperkinetic state). In established hypertension, 
- cardiac output is normal, vascular resistance is 


elevated and signs of increased sympathetic 


drive are absent. Apparently hemodynamics and 
- sympathetic drive change during hypertension. 
The mechanism of the hemodynamic transition in 
the course of hypertension is well understood. 
<- Cardiac output returns from elevated to normal 

: values as §-adrenergic receptors down-regulate 


<: and stroke volume decreases (due to decreased 


... eardiac compliance). The high blood pressure in- 

e duces vascular hypertrophy, which in turn leads 
to increased vascular resistance. The mechanism 

the change of sympathetic tone from elevated 

_ in borderline hypertension to apparently normal 

|; dn established hypertension can best be ex- 

... plained within the conceptual framework of the 









.. “blood-pressure-seeking” properties of the 

brain. In hypertension, the central nervous sys- 

... tem seeks to maintain systemic blood pressure 
: at the higher level. As hypertension advances 


_and vascular hypertrophy develops, arterioles 
become hyperresponsive to vasoconstriction. At 
^. this point, less sympathetic drive is needed to 

.. maintain pressure-elevating vasoconstriction, 


.. and the central sympathetic drive is down-regu- 


lated. The etiology of increased sympathetic 

.. drive in hypertension remains unresolved. Sub- 

jects with increased sympathetic drive are also 

usually overweight and have elevated levels of 

_ insulin, cholesterol and triglycerides, as well as 
-decreased high-density lipoproteins. Future re- 
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search must focus on the link between coronary 
risk factors and sympathetic overactivity in 
hypertension. 

(Am J Cardiol 1991;67:3B-—7B) 


t first glance, studies of the role of the autonomic 
A nervous system (ANS) in human hypertension 

yield somewhat controversial results. An abnor- 
mality is easily demonstrated in young patients with bor- 
derline hypertension, but when older patients with estab- 
lished hypertension are studied, there is very little evi- 
dence for ANS dysregulation. This raises a number of 
questions: are young subjects with borderline hyperten- 
sion a separate subgroup who either do not develop estab-. 
lished hypertension, or, if they develop established hyper- 
tension, is the condition so rare that it cannot be distin- 
guished from the larger pool of subjects who have a 
non-neurogenic established hypertension? If subjects 
with neurogenic borderline hypertension later develop 
established hypertension, why is it so difficult to show an 
autonomic abnormality in established hypertension? 


Does this mean that the ANS initiates hypertension but... 


later does not play a role in its maintenance? What is the 
mechanism of transition from an apparently neurogenic. . 
to a seemingly non-neurogenic form of hypertension? 

The purpose of this article is to review the evidence. 
about the role of the ANS in hypertension and to provide __ 
answers to some of the questions. 


AUTONOMIC ABNORMALITY IN 
BORDERLINE HYPERTENSION T 
The stimulus to study the role of the ANS in bodas E 
line hypertension comes from observation of the charac- 
teristic “hyperkinetic” hemodynamics, consisting of a 
high cardiac output, fast heart rate and increased stroke 
volume.!-5 Brod® suggested that this picture resembles 
the hemodynamic state during emotional excitement- 
the so-called “fight or flight" reaction. Whether the he- 
modynamic pattern in borderline hypertension is indeed — 
due to an emotional response remains unresolved. How- 
ever, it has been shown without a doubt that anautonom- ` 
ic dysregulation is the basic mechanism in borderline — 
hypertension, because cardiac “denervation” by a auto- 
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nomic blockade abolishes the increase of cardiac output 
that occurs in this state.’ 

An increased sympathetic tone in borderline hyper- 
tension has been documented by different experimental 
- methods. An increased rate of bursts of activity in the 
sympathetic fibers of the peroneal nerves has been dem- 
onstrated with direct microneurographic recordings in 
cases of borderline hypertension. Plasma norepineph- 
rine levels in such patients are elevated.? Studies with 
radioisotope tracers found increased norepinephrine spill- 
over rates in young subjects with mild hypertension. !° 
_ Sympathetic tone can also be assessed by spectral analy- 
sis of the electrocardiogram, and increased sympathetic 
. activity in mild hypertension has been found by that 
. method.!! 

Increased sympathetic tone in borderline hyperten- 
sion is coupled with a decrease in parasympathetic activi- 
< ty. Intravenous atropine elicits a smaller increase of heart 
. rate and cardiac output in borderline hypertension, sug- 
. gesting that, compared with normotensive subjects, bor- 
derline hypertensive subjects have less cardiac parasym- 
.. pathetic inhibition." Spectral analysis of the heart rate 
yields a similar picture of decreased parasympathetic 
tone in mild hypertension.!! Decreased parasympathetic 
‘tone is evident also in noncardiovascular regions. In stud- 
ies of patients with borderline hypertension, Bohm et al!2 
found a significant reduction of the parasympathetically 
mediated salivary flow rates. 

Since the reciprocal coupling of the sympathetic and 
-parasympathetic tone characteristically occurs at the lev- 
< elof cardiovascular centers in the medulla oblongata, the 
|... inverse relationship of sympathetic and parasympathetic 
|. tone in borderline hypertension suggests that the auto- 
|. nomic abnormality is of central nervous system (CNS) 
origin. As one would expect with central derangement, 
the autonomic abnormality in borderline hypertension is 
_ widespread. Alpha-adrenergic drive to the arterioles is 
.... increased, ? particularly in borderline hypertensives, who 
-. also have higher plasma renin activity. We speculated 

that this high renin may reflect an enhanced renal 8- 
<: adrenergic drive in borderline hypertension.!^ This no- 

tion has been confirmed by Esler et al,!5 who found a 
. substantial enhancement of the regional renal spillover of 
_ norepinephrine in borderline hypertension. Two other 
abnormalities, decreased plasma volume'® and increased 
_ venous tone! 7:5 in borderline hypertension, can also be 
-. explained by an increased sympathetic tone. 











- EVIDENCE THAT NEUROGENIC 
BORDERLINE HYPERTENSION LEADS TO 
ESTABLISHED HYPERTENSION 


Subjects with borderline hypertension are at a higher - 


risk of developing more severe forms of hypertension, but 
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that risk is not overwhelming. Over the course of 20 years. a 


it is likely that about 70% of young subjects with border- 
line hypertension will not progress to permanent, estab- 


lished hypertension.'? Therefore, it is important todeter- — — 
mine the prognosis specifically for subjects with neuro- — — 
genic borderline hypertension. In clinical practice there is. ^. 
good evidence that the hyperkinetic state, which is de- — 


monstrably associated with increased sympathetic stimu- 
lation and decreased vagal inhibition of the sinus node, is 
a precursor of future hypertension. A fast heart rate in 
youth is a predictor of future hypertension.2°-22 Longitu- 
dinal studies also indicate that the underlying hemody- 


namics evolve from a hyperkinetic state of high cardiac. 


output into a state of increased vascular resistance.?324 
This evolution from hyperkinetic-borderline hyperten- 
sion to increased-vascular-resistance clinical hyperten- 
sion requiring treatment has been demonstrated by 
Lund-Johansen and Omvik.?? In a unique study, these 
investigators followed and repeatedly studied a group of 
subjects with borderline hypertension over a period of 20 
years. After 10 years, the hemodynamics changed from 


high cardiac output to high resistance, but the baseline = 
blood pressure did not increase. After 20 years, the ma- ^ . 


jority of previously borderline subjects developed clinical 
hypertension due to a further increase of the vascular 
resistance. The decrease of cardiac output after 20 years 
was mediated by both a lower heart rate and a decrease 
of stroke volume. 


MECHANISM OF 
HEMODYNAMIC TRANSITION a 
Hemodynamic autoregulation is the ability of an or- 2 
gan to maintain a steady, optimal flow by varying its 
resistance. “Total body autoregulation” is one mecha- - 
nism that could decrease the cardiac output and increase 
the vascular resistance in the course of developing hyper- 
tension. The concept of total body autoregulation pro- 
posed by Guyton and Coleman? describes hemodynam- 
ic events observed after volume expansion. In partially 
nephrectomized animals, salt and water overload leads to 
increased cardiac output. This elevated flow exceeds the 
metabolic needs of various organs in the body and trig- 
gers an autoregulatory increase of vascular resistance 
and a higher blood pressure. The higher pressure causes 
enhanced diuresis, which in turn leads to restitution of a- 


normal blood volume and a return of the cardiac output esr 


into the normal range. 


In borderline hypertension, it is likely that this se- pes 


quence fails to occur. Whereas renal sympathetic activa- 
tion in borderline hypertension may lead to a tendency. 
for acute fluid retention," there is no evidence for a 
volume expansion in borderline hypertension. On the 
contrary, plasma volume in borderline hypertension is 











decreased.?? Further, total body autoregulation is trig- 
— gered only under conditions of “luxury perfusion,” e.g., 
.. when the flow exceeds the metabolic demands of the 
body. The relationship between basal flow and metabolic 
- demands in humans can be assessed from the relation- 
ship between cardiac output and resting oxygen con- 
sumption. In patients with hyperkinetic borderline hy- 
... pertension, both the cardiac output and oxygen con- 
sumption are elevated.)-? Under these conditions the 


-— stimulus for total body autoregulation is absent. 


— -Transition from a high cardiac output to a high resis- 
tance state in the course of hypertension can best be 
explained by altered target organ responsiveness. Pro- 
longed exposure to increased sympathetic drive decreases 
the chronotropic and inotropic 8-adrenergic responsive- 
ness of the heart.?39 A decrease of 6-adrenergically 
mediated vasodilation in hypertension has also been re- 
ported.?! A further mechanism that, combined with de- 


=< creased B-adrenergic responsiveness, may lead to the 


- normalization of the cardiac output in the course of 
hypertension, is a decrease of stroke volume. Lund- 
Johansen‘ found that subjects with borderline hyperten- 
«sion do not adequately increase their stroke volume dur- 
_ ing exercise. The limitation of the stroke volume is partic- 
. ularly evident in the “normokinetic” (normal cardiac 
output) subgroup of patients with borderline hyperten- 
sion. Such patients have lower than normal resting stroke 
olume, and this decrease is greatly accentuated after 







: . autonomic blockade of the heart with injections of pro- 


`- pranolol and atropine. The stroke volume in such a 


-< “denervated” heart depends solely on the end diastolic 
"stretch. Since cardiac filling, evidenced by total blood 


volume and the cardiopulmonary portion of the blood 
-. volume, were not decreased, a pressure-induced decrease 

. jn cardiac compliance is most likely responsible for low 
stroke volume in these patients. 

The same factors that lead to lower cardiac output are 
also conducive to the progressive elevation of vascular 
resistance in the course of hypertension. Longstanding 
blood pressure elevation causes hypertrophy of the medi- 
al layer of the arteriolar wall. The thicker media en- 
'' eroaches upon the lumen of the vessel, thereby changing 
-the wall to lumen ratio. During vasoconstriction, the wall 
-. of the hypertrophic resistance vessels encroaches upon 

«the. lumen even more than in the relaxed state, and the 
increase of resistance is greatly exaggerated. This renders 
© the resistance vessels hyperresponsive to all vasoconstric- 
tive stimuli, a sequence described in detail by Folkow.?? 
The degree of cardiac and vascular hypertrophy depends 


- also on various "trophic" factors in addition to blood 


| e pressure. Sympathetic stimulation is a recognized vascu- 
_ lar trophic factor,*? and increased vasomotor tone in 
borderline hypertension may be, in its own right, condu- 





cive to early vascular hypertrophy. The presence of an 
altered wall to lumen ratio in the early phases of hyper- 
tension has been well documented?^ and these changes 
contribute to the maintenance of increased vascular resis- 
tance. It is conceivable that the enhanced vascular resis- 
tance is also due in part to decreased 8- and enhanced a= 
adrenergic responsiveness, as proposed by Buhler et al.?! 


DECREASE OF SYMPATHETIC TONE IN THE | 
COURSE OF HYPERTENSION 
Decreased 8-adrenergic responsiveness and decreased: 
stroke volume, combined with the structurally increased. 
vascular responsiveness, provide a plausible explanation. 
for the transition from high cardiac output to elevated 
vascular resistance in the evolution of hypertension: 
However, an explanation is also needed for the parallel 
decrease of sympathetic tone. As hypertension advances, 
sympathetic activity is less evident. [n a review of litera- 
ture, Goldstein?? found venous plasma norepinephrine to 
be elevated only in younger patients with borderline hy- 
pertension. Similar conclusions can be derived from the 
work of Esler et al.!? Norepinephrine spillover rates are 
characteristically increased in younger patients, whereas 
spillover rates in older hypertensives are similar to those. - 
in normotensive individuals. Cardiac output and heart ` 
rate differences between borderline hypertensives and . 
normotensive individuals decline with age. In our first 
study, a significant elevation of cardiac output and heart 
rate was seen only in patients younger than 45 years. 
Epidemiologic and clinical data strongly suggest that 
patients with borderline hypertension eventually develop l 
a more severe, established hypertension. Why would the 
sympathetic tone change from elevated to apparently 
normal values during transition from borderline hyper- - 
tension to established hypertension? We recently postu- 
lated an hypothesis that provides the necessary frame- 
work to explain this transition.*° The hypothesis is based. 
on numerous observations about the “blood-pressure- 
seeking" property of the CNS. Whereas the ultimate 
purpose of all circulatory control systems is to provide an 
adequate blood flow, it appears that the CNS subserves - 
the circulation by regulating the blood pressure. This - 
conclusion is reached from the analysis of numerous - 
central blood pressure responses (mental stress, response - 
to noise, isometric exercise, stellate ganglion stimulation, — 
hindquarter compression in dogs). In all these situations 
it is possible to alter the underlying hemodynamics with- 
out changing the blood pressure response. For example, 
the increase of cardiac output with mental stress can be 
abolished with 8-adrenergic blockade without affecting 


:the magnitude of the blood pressure response." Similar- —— 
ly, hemodynamic response to noise, normally associated 


with increased vascular resistance, can be converted with 
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: vasodilators! into j inezeated Sardine output without affect- 
ing the magnitude of the blood pressure response.?? [t is 
important to realize that during these pharmacologic 





interventions the underlying amount of cardiac output 
. varied a great deal, but the blood pressure response was 
precisely regulated. This implies that feedback to the 
-CNS must be related to the achieved pressure. If this is 
. true, then the amount of neuronal firing needed to 
. achieve a given pressure greatly depends on the respon- 
siveness of peripheral organs. Due to an altered wall to 
umen ratio, the arterioles in advanced hypertension are 
_ hyperresponsive to all vasoconstrictive stimuli,?? and less 
sympathetic tone is needed to achieve the same blood 
. pressure elevation. Within the context of the blood-pres- 
. Sure-seeking property of the brain, the observed sequence 
of events in borderline and advanced hypertension is to be 
expected. Accepting that as hypertension advances the 
. vascular responsiveness becomes enhanced, if the CNS 
seeks a higher pressure, it can achieve that pressure in- 
crease in advanced hypertension with less sympathetic 
firing. The primary mechanism of blood pressure eleva- 
-tion may still be neurogenic, but due to changes of the 
vascular responsiveness, the absolute sympathetic tone 
will not be increased. 











- CAUSES OF AUTONOMIC ABNORMALITY 
IN HYPERTENSION 
... Behavioral research into the causes of enhanced sym- 
pathetic tone in hypertension took two directions. The 
"reactivity" research is based on observations of in- 
creased responsiveness to mental stress. There is substan- 
tial evidence that blood pressure response to mental stress 
is exaggerated in patients with borderline hypertension? 
. . and in offspring of hypertensive parents.4! However, the 
.. responses to physical stressors in borderline hypertension 
-are normal.* Also, blood pressure oscillation during 24- 
_ hour blood pressure monitoring is not exaggerated in 
_ borderline hypertension.*? This speaks against a general- 
... ized CNS inability to regulate ANS blood pressure oscil- 
lations in hypertension. The notion that permanent hy- 
pertension occurs through a summation of exaggerated 

.. and frequent pressor episodes has no support in actual 
-fact 

-> The other direction of research into behavioral causes 
' assumes that the increased sympathetic tone is a product 
of an habitual style of interaction with the environment. 

Subjects with certain personality patterns may be more 
alert and vigilant, and this might cause a steady (not 
episodic) central activation of the sympathetic nervous 
— System. A tendency to “hold anger in" has been de- 
.. scribed in subjects with higher blood pressure readings.“ 
Inability to express anger is a particular characteristic of 
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subjects with "sustained" (both at home and in the physi- : 
cian’s office) blood pressure elevation, whereas increased : 
anxiety is found in patients with “office” hypertension. e 


Subjects with borderline or mild hypertension are also. v 


known to be submissive to other people.!346 Unfortu- 


nately, these personality factors have not been evaluated. o 


in a prospective fashion to determine whether they can be 
found prior to the development of elevated blood pressure 
values. 

Our recent studies in Tecumseh“ suggest that the 
sympathetic activation in borderline hypertension is part 
of a very complex pathophysiologic picture. In addition 
to having faster heart rates, subjects with borderline hy- 
pertension tend to be overweight and have higher plasma - 
insulin, cholesterol and triglyceride levels, whereas the 
high-density lipoproteins are decreased. Finding the pri- 
mary aberration in this intimately intertwined set of ab- 
normalities may be very difficult. For example, one re- 
cently proposed theory holds that the abnormality may 
reside in the dietary behavior of subjects with hyperten- = 
sion. Increased carbohydrate intake may lead to exces- 


sive insulin release, and this in turn may stimulate the. vum 


CNS to increase the sympathetic discharge.*9 Interac- 
tion between sodium sensitivity, insulin resistance and 
sympathetic overactivity has also been postulated? 
From a narrow frame of reference (behavioral medi- 
cine), investigations of the etiology of the increased sym- 
pathetic drive in hypertension are widening to include 
complex interdisciplinary research. At the present we ue i 
far from a definitive answer. 
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-the ischemic derangements of myocardial energy 
metabolism are nonspecific membrane effects, 
Which are thought to derive from the physico- 
chemical interaction of the drugs with the cell 
membrane. These interactions are observed in 

' various forms (e.g., membrane stabilizing action, 
 quinidine-like action, cardiodepressant action), 
depending on the intensity of the interaction and 
_on the method used for their detection. There 
may be still other manifestations that have not 
been detected so far, owing to our ignorance of 
their existence and our lack of an adequate 
method for their detection. The importance of 
the presence of specific chemical moieties in cer- 
tain 8 blockers with ability to trap peroxy radi- 
cals is also discussed. 

(Am J Cardiol 1991;67:8B—12B) 
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; Pharmacologic Characterization of Beta Blockers : - 
With Special Reference to the Significance of- 
Nonspecific Membrane Effects 


Shoichi Imai, MD 


_ Along with the beneficial effects of 8 blockers in 


ceptor, blocking the actions of both endogenous 

and exogenous adrenergic agonists. Some 8 
blockers also possess partial agonist activity (PAA). 
Generally, 8 blockers are classified by whether they are 
selective for 8,- or 8;-adrenoceptors and whether they. 
have PAA. 

Most, if not all, therapeutic effects of these agents 

result from the blockade of the 8;-adrenoceptor. Nonse- 
lective blockers act on both types of receptor, but confer 
therapeutic benefits only through @; blockade; their 8; - 


B eta blockers specifically bind to the B-adreno- Uo 


blockade may, in fact, have detrimental effects. Beta. 
blockers with PAA may exert beneficial effects on pe ve 


ma lipoproteins. di 

Some f blockers exert their effects by influencing the 
cell membrane in an unspecific manner. What follows is 
a discussion of these nonspecific membrane effects. 


NONSPECIFIC MEMBRANE EFFECTS 


The ability of 8 blockers to reduce infarct size has 
been demonstrated both in vitro and in vivo. In addition, . 


8 blockers lessen certain phenomena associated with irre- 


versible damage during ischemia and/or reperfusion: ac o a 
cumulation of intracellular and intramitochondrial calei- — 
um, deterioration of mitochondrial oxidative phosphory- ` 


lation, depletion of energy-rich phosphate compounds, 


and reduction of intracellular pH and intracellularaccu- ^. 
mulation of free fatty acids and some of their metabo- — 


lites. The mechanisms of these cardioprotective actions ; 
are still not clear. They can be explained in part by 


catecholamine antagonism, as catecholamine depletion = = 
prior to anoxia or ischemia in isolated heart preparations — 


leads to better recovery of the hearts. However, beneficial 
effects can be observed even in isolated perfused heart 
preparations with very low secretion of catecholamines’ s 
relative to the situation in vivo where prior chemical: 


sympathectomy or depletion of catecholamines byr teser- 00 


pine did not result in protective effects.? Thus, it is clear 


that nonspecific membrane effects must be considered i noo 


certain experimental models. 


PHYSICOCHEMICAL PROPERTIES ; 

Levy™ was the first to show that the nonspecific 
properties of 8 blockers may be related to their physico- 
chemical properties, In a search for mechanisms Hoderly: Ae 








:. FIGURE 1. Surface tension-lowering ef- 
"> fects of 8 blockers in Krebs-Ringer bicar- 
a bonate buffer, pH 7.2. Each point repre- 
^: gents the mean of 2 experiments. The sur- 
S "don of the bufter canon’ i taken 
-as control. Alpr, alprenolol; INP, INPEA; 
KL, KL 255; Ko, Ko 592; oxpr, oxpreno- 






/. Mel; pind, pindolol; prac, practolol; prop, 
propranolol; sot, sotalol. (Reprinted with 
|- permission from Arch Pharmacol?) 





lowering of 


-10 dynes/cm 








Surface tension 


€ !NPEA 
072 Ko 592 

e 9? 

oxprenotol 
propranolol 
e 
. 
alprenolot Pus 25» 













control 








practotot e 


sotatol e 


€ pindotol 


local anesthesia, IC 50 

















. ing the local anesthetic effect of several -blocking 
. agents, he determined the ability of several 8 blockers to 
lower surface tension; the relation between the ability to 
lower surface tension of an aqueous solution and local 
.. anesthetic actions had previously been shown in a homol- 
cS ogous drug series by Skou? and Watson.$ 
= < Hellenbrecht et al’ reevaluated the correlation be- 
ween physicochemical characteristics and nonspecific 
iol ogic effects of 8-blocking agents. They correlated the 
surface tension-lowering effects as well as the octanol f: 
water partition coefficient of 8 blockers to the local anes- 







en 








alprenolol were the most potent, followed by propranolol, | 
- Kó 592 and oxprenolol. Nipenal ol (INPEA) and pindo- 
Jol were at least one order of magnitude less. active. 
Sotalol and practolol showed only minimal effects even 
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thetic activity assayed in the sciatic nerve of the frog. 
They also studied the correlation to the depression of the 
myocardial conduction velocity of the isolated heart 

strips of the frog, because this parameter had been shown _ 
to mimic local anesthetic action on the heart muscle.* As- 
is evident from Figure |, these 8 blockers produced dose- 

dependent surface tension-lowering effects. KL 255 and. 








TABLE I Statistical Correlations Between the 
Physicochemical and Pharmacological Properties of 9 Beta 
Blockers. 











Surface activity vs partition coefficient 0.961 















| Surface activity vs local anesthesia 0.948 

: (0.908) 

Surface activity vs myocardial conduction velocity 0.941 «0.001 
(0.925) 

Partition coefficient vs local anesthesia 0.972 «0.001 
(0.952) 

Partition coefficient vs myocardial conduction 0.964 «0.001 
velocity (0.959) 

. Myocardial conduction velocity vs local 0.985 «0.001 
anesthesia (0.973) 

Y» calculated vs partition coefficient 0.976 | «0.001 

Y:x calculated vs surface activity 0.922 «0001 

Ys calculated vs local anesthesia 0.930 | «0.001 
visu (0.920) 

. Lr calculated vs myocardial conduction velocity 0.932 <0.001 






(0.935) 


Correlation coefficients calculated from double fog plots. Incubation period = 36 
"min: correlation coefficients in parentheses, incubation period = 40 min. ‘Reprinted 
with permission from Arch Pharmacol’) 


"TABLE It Oil /Water Partition Coefficients of Beta Blockers 


r-Octanol/Water 
Partition Coefficient 



















Propranolol 









Alprenolol 

Oxprenolot 2.18 
^ Timolol 2.10 
5; Metoprolol 2.15 
«^ Pindolol 1.75 

Acebutolol 1.87 

Nadolol 0.71 

Atenolol 0.23 





1. Reprinted with permission from Am Heart J? 


concentrations of 0.1 M. A similar order of potency was 
| Observed as regards the other 3 parameters: alprenolol, 
. propranolol and KL 255 comprised the most active group 
of agents; Kó 592, oxprenolol, INPEA and pindolol were 
. intermediate; and sotalol and practolol were the least 
active. Figure 2 shows a highly significant correlation 
' between surface tension-lowering activity and local anes- 
. thetic activity (the depression of the height of the action 
.. potential of the sheathed sciatic nerve of the frog). As 
rn shown i in Table I, similar highly significant correlations 
- were also found between the 4 parameters studied. 

Thus, although the nonspecific membrane actions of 
v these B blockers may be manifested as antiarrhythmic or 
quinidine-like, cardiodepressant, local anesthetic or 
. membrane stabilizing, they all seem to derive from the 
.. same mechanism, i.e., a physicochemical interaction 
__ with the cell membrane. This interaction is dependent on 
... the lipophilicity of the compounds, which can be quanti- 
_. fied as oil / water partition coefficients (Table II). How a 
physicochemical interaction is defined has been depen- 
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l dent on the purpose of a particular investigation. For 
example, when researchers are studying 8 blocker effects 


on nerve conduction, they find “local anesthetic" action, 
while in the myocardium they appear as “auimdinedike” 
or cardiodepressant activity. 


Other manifestations of nonspecific membrane action a 


may exist, possibly produced at even lower concentra- - 
tions. l 
inhibition of the fall of myocardial intracellular pH 
during ischemia: Figure 3 shows the changes in the 
myocardial intracellular pH in the isolated perfused 
guinea pig heart with *!P-NMR in our laboratory.’ Al- 
though (+)-propranolol (10° M) confers 8 blockade 
100-fold less potent than that of (—)-propranolol,!? it 
was found to be as effective as ( — )-propranolol in slowing 
the fall of pH and the depletion of energy-rich phosphate 
compounds during severe ischemia. Because the mem- 
brane-stablizing action of (+ )-propranolol is known to be 
as potent as that of ( — )-propranolol, we may assume that 
this protective effect stems from this membrane-stabilz- 
ing action. In the past, the therapeutic significance of the | 


membrane-stabilizing effect was tempered by the rather < 


high concentrations needed to elicit it. However, as dis- 
cussed above, the membrane-stabilizing effect is just one 
manifestation of a 8 blocker's physicochemical interac- 
tion with the membrane. Therefore, the fact that the 
protective effect was observed at a concentration at 
which definite cardiodepressant effects were not still ob- 
servable does not necessarily mean that the nonspecific : 
membrane effects were not operative. Furthermore, th 
high lipophilicity of certain agents such as propranol 
suggests that local concentration in the membrane may 


be high. In fact, the lipophilicity of the compound may be - C 


higher than currently thought. Recent studies!! have 
indicated that tests with dihydropyridine Ca?* antago- 
nists in purified cardiac membrane lipid vesicles yielded a 
partition coefficient more than 3 orders of magnitude 
higher than that for a nonmembrane octanol/buffer 
system. 

Specific chemical moiety in beta-blocker struc- 
ture: Mak and Weglicki'? studied the effects of 8 
blockers and class | antiarrhythmic agents on free radi- 
cal-mediated sarcolemmal lipid peroxidation by measur- 
ing the extent of lipid peroxidation by malondialdehyde 
formation. Five 8 blockers (propranolol, pindolol, meto- . 
prolol, atenolol and sotalol) inhibited sarcolemmal perox- 
idation in a concentration- and time-dependent manner. 


The order of potency was propranolol > pindolol > e 
metoprolol > atenolol > sotalol. Thus, sarcolemmal per- — — 


oxidation appears to follow the same order of potete as 
lipophilicity, with the exception of metoprolol. - 

Because 8 blockers are cationic amphiphiles many 
of which have been found to form complexes with phos- 



















7.5 L. 
"Ev 


S CFIGURE 3. Effects of (—)- and (+)-pro- 

:iopranolol on changes in intramyocardial pH 
< as determined with 3?P-NMR during isch- 
emia (12 min) and reperfusion. ©, control 

"hearts (n = 6); e, (—)-propranolol (10-5 
M)-treated hearts (n = 5); A = (+)-pro- 
pranolol (10-9 M)-treated hearts (n = 5). 
*, p «0,05, **, p «0.01 (vs control 
hearts). (Reprinted with permission from 
Arch Pharmacol.7) 


pholipids—their interactions with the sarcolemmal 
. membrane might result in the formation of drug-lipid 
. complexes, which are less susceptible to free radical at- 
tack. If this is the case, the efficacy of each agent may 
- depend on the degree of drug-lipid complexing, which in 
-< turn depends on the lipophilicity of each agent. However, 
-< neither quinidine nor lidocaine —compounds that are rel- 
m atively lipophilic (an octanol/water partition coefficient 
: : comparable with that of pindolol)— provided major inhi- 
` bition of sarcolemmal peroxidation. 
. . According to Mak and Weglicki,!? conventional 
5 chain-breaking antioxidants are usually phenols or aro- 
matic amines and owe their antioxidant activity to their 
- ability to trap peroxy radicals inside the membrane. As 
all the 8 blockers have the aromatic resonance rings (in 
the case of propranolol it is a naphthalene moiety) that 
most classic oxidants have in common and that allow 
them to stabilize trapped radicals, the antioxidant actions 
of 8 blockers may be explained by this capability. In fact, 
]-methoxynaphthalene (200 uM) produced a protective 
effect approaching 50% to 60% that of propranolol. 
Elucidation of the exact mechanisms by which 6 
blockers, especially propranolol, protect against sarco- 
lemmal peroxidation requires further study. The physi- 
“cochemical properties are an important factor that must 
:: not be overlooked, but the presence of a specific chemical 
moiety or moieties seems to be equally important. 


-INTERACTION OF NONSPECIFIC 
MEMBRANE EFFECTS AND SPECIFIC 
. BETA-BLOCKING EFFECTS - 












(blockers: with various pharmacodynamic profiles in iso- 
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- Marie et al”? studied the cardioprotective effects of 8 
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lated perfused guinea pig hearts subjected to 20 minutes 

of anoxia. After 15 minutes of reoxygenation, the recov- 
ery of indices of cardiac flow was assessed. Nadolol, a. — 
blocker without stabilizing action, produced a protective _ 
effect. However, (+)-propranolol produced similar pro+ 
tective effects, and (+)-propranolol conferred protection 
significantly greater than nadolol. As the membrane 

stabilizing activity of (+)-propranolol is equivalent t 

that of (+)-propranolol and the 6-blocking activity of © 
(+)-propranolol was reported to be lower than that of 
nadolol,'4 these findings indicate the potentiation by — 


membrane-stablizing activity of the protective effects of. 


the 8 blocker. In this study (+)-propranolol and (+)- 
propranolol produced a significant negative chronotropic | 
effect, but no change in cardiac flow and work indices; x 
neither the indices of cardiac flow and work nor heart 
rate were changed by nadolol. US 
Lipophilicity is also an important determinant of 
pharmacokinetic properties. Lipophilic agents tend to be. 
metabolized by the liver and reach all body compart-. . 


ments with relative ease, while hydrophilic ones tend to 
be excreted unchanged by the kidney and do not access 


the deeper compartments, such as the brain, as easily. 
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Vasodilation, Not Cardiodepression, 
Underlies the Antihypertensive Effect of 
Beta-Adrenoceptor Antagonists 


Arie J. Man in’t Veld, MD, PhD 





Most antihypertensive drugs act by counteract- 
ing vasoconstrictor mechanisms and lower blood 
pressure by lowering vascular resistance. The 6 
blockers, which have the unique ability to coun- 
‘teract cardiac sympathetic drive, seem to be a 
_ major exception to this. Moreover, their degree 
of cardiodepression is directly correlated with 
-the initial sympathetic tone and also with their 
. degree of intrinsic sympathomimetic activity 
(ISA). Cardiodepression initially evokes a barore- 
| flex-mediated proportional rise in vascular resis- 
tance. As indicated by review of the literature, 
= the antihypertensive effect of 8 blockers always 
. parallels a decline in vascular resistance. Study- 
. ing B blockers with different degrees of ISA in 
-50 hypertensive patients after minimizing cardi- 
. ac sympathetic drive by strict bed rest showed 
-that the initial effect of the drug is offset by a 
n rise in vascular resistance proportional to the fall 
. in cardiac output. After that, blood pressure al- 
ways fell in parallel with vascular resistance, 
' whatever the absolute level of cardiac output. In 
. the long run, blood pressure and vascular resis- 
‘tance were always positively correlated, irre- 
spective of the level of cardiac output. Thus, like 
all other antihypertensive agents, 8 blockers also 
lower blood pressure through interference with a 
vasoconstrictor mechanism. 
(Am J Cardiol 1991;67:13B-17B) 
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rom the work of Lund-Johansen and others, it 
F appears that most categories of antihypertensive ` 
agents interfere with vasoconstrictor mecha- 
nisms, since most of them lower vascular resistance to 
some extent (Fig. 1). By definition, the classic vasodila- 
tors have a profound effect on vascular resistance, but -. 
part of their antihypertensive potency is offset by reflex = 
cardiostimulation and renal sodium and water retention. 
Diuretics, calcium antagonists, angiotensin-convert- -.: 
ing enzyme inhibitors and o,-adrenoceptor blockers low- 
er blood pressure in parallel with the ordinate in the flow < 
resistance diagram, i.e., by vasodilation. The centrally - 
acting drugs, such as a-methyldopa and clonidine, cause . 
a global reduction in central sympathetic outflow, .. 
through which both cardiac output and vascular resis- ; 
tance are reduced.?-^ The only exceptions to this "vasodi- = 
lator rule" of antihypertensive drugs seem to be the 8- 
blocking agents, of which propranolol has been the proto- 
type for more than 20 years. For an effect on blood 
pressure comparable with that of the other classes of < 
antihypertensive agents, these drugs seem to reduce car- 
diac output and not to reduce or even to increase vascular 
resistance. However, these overall pictures do not take 
into account the large individual variation in blood pres- 
sure response to the various drugs. 
Already by 1972, Tarazi et al had demonstrated that . 
in patients who showed the most pronounced long-term . 
fall in blood pressure on propranolol, vascular resistance: 
fell and cardiac output returned to pretreatment values.) 
Thus, with 8 blockers the difference between acute and 
more long-term effects must apparently be taken into. - 
account. This prompted us in 1982 to review the litera- 
ture on the acute and long-term hemodynamic effects of 
B blockers in hypertension. Special attention was given: 
to the ancillary properties of 8 blockers, such as selectiv- 
ity for Bj-receptors and partial agonist activity (PAA), 
also called intrinsic sympathomimetic activity (ISA). Po- 
tentially, 8 blockers with different ancillary properties 


may exert different effects on cardiac output and thereby 


modify the hemodynamic profile of the drugs. 


EARLY DATA ON HEMODYNAMIC | EF FECTS s : 
OF BETABLOCKERS 


Various reviews of the literature on 10 different 8c 


blockers have been published in detail.5! The reviews. 
13B 
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^: comprised 85 studies on 10 8 blockers in a total of 912 
patients. The ancillary properties of the 10 8 blockers 

«that were reviewed are given in Table I. 
.—. When given intravenously, the 8 blockers hardly have 
-vany effect on blood pressure despite profound effects on 
heart rate, cardiac output and vascular resistance (Figs. 
2,3). It appears, however, that an inverse correlation 
exists between the degree of ISA of the various 8 blockers 
and their effects on the heart and vascular resistance. In 
the long run, despite their different ancillary properties, 
the 8 blockers have, on average, approximately equal 
antihypertensive efficacy. Between the initial phase of 8 
:: blockade and the more chronic phase of treatment, cardi- 
ac output does not change for a given 8 blocker, which 
. implies that any reduction in blood pressure can only be 
-.the result of a reduction in vascular resistance. In other 
words, 8 blockers, like other antihypertensive agents, 
seem to lower blood pressure by interference with a vaso- 

constrictor mechanism. 
It must be taken into account, however, that since the 
- . different 8 blockers have such different effects on cardiac 
. . Output, as determined by their degree of ISA, they have 
.. different effects on vascular resistance both acutely and 
chronically. Thus, the 8 blockers with sufficient ISA to 
. maintain cardiac output do not initially evoke reflex va- 
. .. soconstriction. During chronic treatment, vascular resis- 
tance will fall below pretreatment values. Beta blockers 
|... devoid of ISA will cause a major vasoconstriction, initial- 
ly proportional to the degree of cardiodepression. Despite 
p an adjustment of vascular resistance in the long run, on 
these drugs vascular resistance will remain elevated, of- 
~ ten above pretreatment values. 

These data can be illustrated more clearly in a flow- 














. . resistance diagram (Fig. 4). Both acutely and chronical- = 
~~ ly, cardiac output and vascular resistance are, by defini- 
` tion, inversely correlated for the different 8 blockers. The 
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TABLE! Partial Agonist Activity and Beta; dreno cep dot. Cu 
Selectivity of 10 Beta-Adrenoceptor Antagonists- E. x 
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Adrenoceptor 
Selectivity 








Pindolol Beta; + betaz - 











Practolol ++ beta; 

Alprenoio! + Beta; + betaz. 
Oxprenolo! + Beta; + beta? 
Acebutolol + Beta; 
Penbutolol + Beta; + beta; 
Metoprolol - Beta, 

Atenolol ~ Beta; 
Propranolol - Beta; + beta» 
Timolol - Beta; + beta? 


£AN ARTERIAL PRESSURE 


FIGURE 2. Effects of 8 blockers on mean arterial 


pressure 
and heart rate in hypertensive patients. Acute effects: Open 
bars. Long-term effects: hatched bars. 


fall in blood pressure occurs for all drugs, always in. 
parallel with the ordinate (i.e., by vasodilation), It should 
be noted that, acutely, the more pronounced the degree 


of ISA for a given 8 blocker, the closer it is in the diagram : D 


to the pretreatment point of cardiac output. Further- . 


more, it appears that cardioselectivity, either in the pres- — 


ence or in the absence of ISA, does not modify the 


-hemodynamic profile of a 8 blocker. Apparently unop- 
-posed a-receptor-mediated vasoconstriction is not an im- 
-portant determinant of the hemodynamic profile of non- 
-selective 8 blockers. 
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FIGURE 4. during acute (*) 


Hemodynamic interrelationships 
and long-term (v) 8 blockade in hypertension. The asterisk in- 
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; : Pindolol Beta, + beta; 10 mg bid 
Uu : rad 3e nr Acebutolol + Beta, 400 mgbid 10 
One of the drawbacks of a literature review is that it | Bopindolol + Beta, + betas Pingod- 10 
combines data obtained in different protocols by differ- | Atenolol - Beta; 100mgod 10 
nt investigators. More importantly, since acute and | Propranolol ~ Bela’ betaz __ mgtid- -10 


+++ to + = varying degrees of PAA; — = absence of PAA; bid = twice daily: od = 
daily; tid = three times daily. 


-.. long-term studies were separately analyzed, interpolation 
- was made for the intermediate hemodynamic events. 
Thirdly, although only studies performed in supine rest- 
. ing patients were included, baseline periods varied from the second placebo week, the acute hemodynamic effects 
10 minutes up to | hour in the different studies. There- — of the 8 blockers were studied for 24 hours while the 
—. fore we undertook a study in which we studied the onset patients had complete bed rest, which was preceded. by 
- of the antihypertensive effect of 8 blockers, minimized — 12 hours of bed rest overnight. The 8 blockers that were 


... cardiac sympathetic drive by keeping the patients in bed studied are shown in Table II. 


: “for. 36 hours, and compared the results of 8 blockers with After 24 hours, the 5 8 blockers had on average an 
__ different effects on cardiac output due to variable degrees almost identical effect on arterial pressure (Fig. 5). In 

- of ISA. tially, cardiac output fell with all drugs, except on pindo- 
C dan lol with its pronounced degree of ISA. In the phase of 
_ OBSERVATIONS OF BETA BLOCKERS . cardiodepression, vascular resistance rose and blood pres 

_ DURING ABSOLUTE BED REST Sm sure did not change. A gradual fall in blood pressure w 
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The fioe of the studies has m publis 1 
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with return of cardiac output, heart rate and stroke vol- 
ume to baseline values, and for pindolol, above baseline 
values. After 24 hours, the antihypertensive effect of all 8 
blockers was associated with a reduction of vascular re- 
istance below pretreatment level. However, at any level 
f blood pressure, cardiac output was higher and vascular 
tance was lower on pindolol as compared to the other 
drugs. Thus, all 8 blockers exerted their antihypertensive 
effect ‘through vasodilation. The degree of vasodilation 
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HEMODYNAMIC INTERRELATIONS AND 
ADAPTATIONS DURING BETA BLOCKADE 
For all 5 8 blockers, highly significant correlations 
emerged over the 24-hour period between arterial. pres 
sure on the one hand and vascular resistance and cardi 
output on the other (Fig. 6) (p <0.001 in all cases). This 
explains the lower pressure, the lower vascular resistance 
and the higher cardiac output. Therefore, if anything, a 
low cardiac output during 8 blockade prevents rather: 
than causes a reduction in blood pressure. The regression 
lines were not different for the 8 blockers, with the excep- 
tion of pindolol, which showed higher values of cardi 
output and lower values of vascular resistance for. ny 
value of blood pressure. i 
How to explain the increments in cardiac dütput, 
heart rate and stroke volume when blood pressure and 
vascular resistance start to fall after starting 8 blockade? 
It has been demonstrated that changes in heart rate, 
cardiac output and stroke volume after vasodilation du 
ing 8 blockade depend on vagal withdrawal and on an 
increase in venous return.?? Thus, during the vasodilator 
phase of the blockers, the initial hemodynamic changes _ 
are offset by interference of the arterial baroreflex 
(Fig. 7). 


DISCUSSION x nu 
Most antihypertensive agents lower blood: pressure by. 
lowering vascular resistance. Beta blockers seem to be an 
exception. The efficacy of all antihypertensive agents is — — 
independent of sympathetic drive.! However, the cardiac — 
effects of 8 blockers depend both on cardiac sympathetic _ 
drive and on degree of ISA. Through interference of the 
baroreflex, the hemodynamic profile of @ blockers is 


-modified at different levels of sympathetic activit y Thus, 
= 8 blockers may or may not increase peripheral vascular. 
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. FIGURE 7. Hemodynamic adaptations during 6 blockade. 
- TPR = total peripheral resistance; MAP = mean arterial pres- 
sure; SV = stroke volume; HR = heart rate; CO = cardiac out- 














resistance in hypertension, depending on the duration of 
B blockade, the magnitude of the antihypertensive re- 
sponse, their degree of ISA and, last but not least, the 
vel of sympathetic drive. Under all circumstances, how- 
ever, it is the decrease in vascular resistance that is re- 
sponsible for the antihypertensive efficacy of these drugs. 
conclusion, like all other antihypertensive drugs, 8 
kers lower blood pressure by interference with a va- 
ynstrictor mechanism. The exact nature of this vaso- 
r mechanism of 8 blockers is still very much disput- 
Central 8 receptors, presynaptic receptors at the 
cular wall and postsynaptic 8 receptors on juxtaglo- 
rular cells within the kidney are all possibilities for 

laining the vasodilator action of 8 blockers. 
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To investigate whether excessive reduction of 
blood pressure (BP) by antihypertensive medica- 
tions correlates with myocardial infarction, espe- 
cially during sleep in elderly patients, we used 
telemetry and cuvette dye-dilution methods to 
assess the direct BP and the hemodynamics of 
68 inpatients with essential hypertension during 
wakefulness and sleep. There were 25 patients 
260 years old (OH-group) and 43 were <59 


-Of the OH-group, 36% showed high BP dur- 
ing the day, with marked decreases (minimum 
BP «110/70 mm Hg) during sleep. Average car- 
diac index (CI) of the OH-group was low during 
wakefulness and extremely low during slow- 
wave sleep. Changes of mean BP in the OH- 
group correlated with changes in total peripheral 
vascular resistance index (TPRI) during sleep, 
but this correlation was not observed in the YH- 
group. 

"^ The antihypertensive effects on nocturnal BP 
of the various medications was: central adrener- 
gic inhibitors < 6 blockers with intrinsic sympa- 
thomimetic activity < o (ap) blockers < angioten- 
sin-converting enzyme inhibitors < calcium an- 

. tagonists. 

^... Because BP and CI were found to be very low 
and TPRI seems to play an important role in BP 
regulation in sleeping elderly patients, excessive 
antihypertensive medication may be harmful to 

v this subgroup. However, because the effects on 
.. nocturnal BP differ among various antihyperten- 
sive treatments, further research is required on 
the relation between antihypertensive medication 
and the hemodynamics of sleeping elderly hyper- 


(Am J Cardiol 1991;67:18B-25B) 
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- Blood Pressure During Sleep: 
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t present, casual blood pressure (BP) is still 
A used as the standard for clinical hypertensive 


evaluation. However, casual BP does not corre- 


late favorably with average 24-hour BP values!2 and |. 


casual BP cannot predict BP values during sleep. The - 
mortality rates from myocardial infarction (MI) and 
cerebral infarction induced by excessive reduction in BP 
from antihypertensive agents have been reported to be. 
relatively high? in elderly hypertensive patients. Previ- 
ous studies? have determined that older patients (260 — 
years) who had not been taking antihypertensive agents 


showed a high incidence of MI during the day. This — 
result has been confirmed in other reports. However, in — 
older patients who had been taking antihypertensive — . 


agents (chiefly diuretics), there was a frequent occur- 
rence of MI during the night, especially between 1:00 AM 
and 3:00 am.° The reason for this result is unclear, but 
the antihypertensive agents may have had some effect on 
the incidence of MI during the night. Because manage- 


ment of BP during sleep, when BP is at its lowest level, is 


vitally important in the care of elderly hypertensive pa- : 


tients, we measured their hemodynamics during sleep ; : 
and then examined the effects of various antihypertensive — 


agents on their nocturnal BP values. 


SUBJECTS AND METHODS : 
Measurement of hemodynamics: The subjects of 


the study were 68 inpatients with mild to moderateessen- ^ . 


tial hypertension (41 men, 27 women), aged 22 to 78 
years, who were taking no antihypertensive medication. 
Secondary hypertension was ruled out in all of the sub- 
jects when they were examined on admission. The pa- 
tients all fell into World Health Organization categories 
I and II, showing average casual values of diastolic blood 
pressure (DBP) between 90 and 115 mm Hg and systolic 
blood pressure (SBP) between 140 and 220 mm Hg. The 
patients were divided into a younger group of 43 patients 
(25 men, 18 women) «60 years of age and an older 
group of 25 patients (16 men, 9 women) 260 years. A 
normotensive control group consisted of 23 volunteers 
(13 men, 10 women) aged 25 to 58 years with normal BP 
values (casual SBP «140 mm Hg, casual DBP «85 mm 


m Hg) (Table D. Ail sublets were given sufficient t explana- 
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| TABLE I BP Values of H-Type, L-Type, W-Type Hypertensive Patients and Normotensive Subjects. 


Patients with Mild or Moderate Essential Hypertension 


Younger Group 
L-Type 


13 (8/5) 
424117 
168 49.2 
95448 
119470 
153 + 11.0* 
9445.5 
113484 
129 € 47! 
79 42! 
95 € 4.5! 
106 + 4.97 
66 € 6.4! 
79 x5]! 
141 € 9.1* 
8847.7" 
106 + 8.2? 


H-Type 


22 (12/10) 
414118 
172 € 7.5 
98 + 5.1 
123463 
160+47.7 
9745.9 
118468 
140 + 110 
8648.5 
104 + 9.9 
128 + 8.2 
7748.1 
9548.1 
156 + 7.0 
96 + 5.8 
116464 


No. (male /female) 
Age (years old) 
Casual SBP (mm Hg) 
DBP (mm Hg) 
MBP (mm Hg) 
SBP (mm Hg) 
DBP (mm Hg) 
MBP (mm Hg) 
SBP (mm Hg) 
DBP (mm Hg) 
MBP (mm Hg) 
SBP (mm Hg) 
DBP (mm Hg) 
MBP (mm Hg) 
SBP (mm Hg) 
DBP (mm Hg) 
MBP (mm Hg) 


Waking 


Nighttime 
Minimum 


;24 hours 


Mean + SD 


1 9*5 «0.05; ! p «0.01; t p «0.001. 
SBP = systolic BP; DBP = diastolic BP; MBP = mean BP. 


tions of the test protocol, and their consent was obtained 
prior to the study. 


Brachial intra-arterial BP and electrocardiograms 


were measured throughout the 24 hours by a telemeter’ 


.. and recorded on magnetic tape, respectively, and the beat 


to beat BP and heart rate were analyzed by computer. 
Nighttime (9:00 pm to 6:00 AM) electroencephalograms 
(EEG), electro-oculogram and respiratory rate were 
monitored. 

A frequency distribution of nighttime (10:00 pm to 
6:00 am) BP was obtained, and the 0.5% lower limit 
value was taken as the minimum BP during sleep 
(BP min). Two 3-way stopcocks were attached to the cath- 
eters: one was inserted in the artery and another in the 
‘antecubital vein. Minute amounts of heparin-saline solu- 
tion (2 ml/hour) were infused into these catheters using 
portable microinfusion pumps to prevent the blood from 
coagulating in the catheters. 

Measurement of cardiac output was carried out in 
some patients while they were awake (in supine position) 
and during sleep (slow-wave [stage I-IV], as judged 
from the EEG?). To do this, the 3-way stopcock on the 
arterial side was connected to a cuvette dye-densitometer 
(ERMA Dye-Densitograph EW-90); 5 mg of indocyan- 
ine green in 20 ml physiological saline was then rapidly 
infused into the cock on the venous side, a dye-dilution 
curve was determined and cardiac output was automati- 


- . cally calculated by the computer in this device. Measure- 
ments were excluded in subjects who awoke while sleep 





Older Group 
L-Type 


9 (5/4) 
63129 
174495 
9348.9 
120 + 9.2 
159 € 11.0 
86 + 10.0 
110+ 10.0 
123 + 19.0* 
66 + 11.07 
85 + 15.0! 
104 + 6.7? 
60x91! 
75 x79: 
143 x 18? 
86 + 10* 
106 + 14* 


Normotensives 
H-Type NT : 
12 (8/4) 
65434 
180 + 12.0 
9447.0 
122495 
169 + 16.0 
9318.4 
117 412.0 
144 + 16.0 
8147.0 
102+ 12.0 
131 +11.0 
71483 
91496 
165+ 13.3 
964277 
119 110.5 


23 (13/10) 
42120 
126 € 8.1 
7647.4 
93+7.8 
124 + 8.4 
7547.4 
9147.9 
103 + 9.5 
59 € 9.3 
7349.4 
9149.4 
5249.2 
65 + 9.3 
119480 
69 + 8.3 
85+ 8.1 


12 (8/4) 
424149 
158 + 11.0 
9244.1? 
114 x 9.8* 
135 + 2.2* 
84 + 4.3% 
101 + 3.3? 
120 + 8.7? 
75 + 6.3? 
90 + 7.5! 
99 + 5.3* 
59+ 5.4! 
72 + 5.3" 
129 4 4.4! 
80 + 4.8! 
96 x: 4.6! 





values were being taken. Total peripheral vascular resis- 
tance index (TPRI) was determined by dividing cardiac 
index (CI) by mean BP at the time of measurement. 
Examining effects of antihypertensive medica- 
tions on nocturnal BP: Eighty-five patients with mild to 
moderate essential hypertension were included in this 
study. The BP was measured in hospitalized patients by 
the direct method, using a compact portable recorder- 
with digital memory unit!® (3 X 8 X 13 cm in size, 400 g 
in weight). Outpatients were evaluated by the indirect. 
method, using an automatic BP recorder!! (4 X 6.5 X 14. | 
cm in size, 390 g in weight; TM 2420 of A & D Co.). The- 
24-hour BP measurement was performed for the first 
time after | week of placebo administration; then various: 
antihypertensive agents were administered at their nor- 
mal dosage regimens. Table I1 shows the number of . 
patients and average ages for administration of various 
antihypertensive agents. BP was measured for the second 
time 7 to 10 days later. Direct BP was measured every 10° 
seconds, and indirect BP was measured every 15 to 30 
minutes for periods of 24 hours or more. 7 
Analysis of these results was carried out by computer 
(PC 9801, NEC) in all cases, and average values for- 
mean BP (MBP) during the nighttime (10:00 pm to 6:00 
AM) and during the daytime (6:00 am to 10:00 PM) were: 
calculated before and after antihypertensive medication 
administration. The rate of reduction in nighttime blood. 
pressure (7) was also determined. Calculation was car- 
ried out using the following equation (night MBP before _ 
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F TABLE " Effect of Various Antihypertensive Agents y Noctu ; 





nal BP 





n/d 


T ‘Antihypertensive seit “NO. =. Age (yrs) E “Dose ins d(%) n(%) 

“Placebo |. 4 36410 OTID +25424 10424 

: c Adrenergic inhibitor 
| > Central: Guanfacine 3 55445 1.5 QD! -15.4436 -10.2 +34 066 

5 Bblocker: 

:.:. Propranolol-LA 4 4648 120 QD —164432 -]16 £2 071 
Atenolol 12* 5348 50-100 QD ~9.842.1 -73415 0.74 
Bopindolol 17* 5349 1-2 QD -98 +24 -6441.7 0.65 

a-blocker: 
Bunazosin 6 4647 2-3 TID -104 420 -11.325 1.08 
Prazosin 6 4647 2TID -50417 -28416 0.56 
aß-blocker: 
Dilevalo! 3 48 X 10 100 TID -13.7 +39 -149 43.8 1:09 
Labetalol 3 45411 150 TID ~174429 ~17.3459 14.00 
T. Calcium antagonist: i 
< Diltiazem 7 54+9 60 TID -15.2 44.0 -18.3 + 4.2 120. 
Nicardipine 7 5449 20 TID -132138 ~15.0439 7:144 
oo: Nitrendipine 3 5847 20 QD -77 x11 68416 0,89 
“ACE inhibitor: 
Captopril 4 48410 25 BID ~12.543.5 ~121417 0.97 
Enalapril 3 5018 2.5-10 QD -117422 -9.5 42.0 0.81 
= Ramipril 3* 46 +10 1.25-10 QD -110424 -9.1418 0.82 





Mean + SE; * indirect method; t administration before bedtime. 


` 7 change = MBP after treatment — MBP before treatment /MBP before treatment X 100%: n = % change during nighttime; d = % change during daytime. 
LACE = angiotensin-converting enzyme; QD = daily: BID = twice daily: TID = three times daily. 





treatment = average nighttime MBP prior to adminis- 
tration; night MBP after treatment = average nighttime 
MBP after administration): 


ia MBP after treatment 


k rate of reduction in blood pressure during the day- 
time (d) was determined by the following equation: 





(daytime MBP after treatment 
— daytime MBP before treatment) 
daytime MBP before treatment 


X 100% 





The ratio n/d was obtained as an index of the decrease in 
- nighttime BP. Specifically, the smaller this ratio is below 
1, the smaller is the rate of reduction in nighttime blood 
... pressure compared to the rate of reduction in daytime 
blood pressure. 

-> Significant differences within one group were calcu- 
lated using the paired Student's t-test and those between 
the two groups were calculated using the unpaired ¢-test 
(p X 0.05 = significant). 



















pore in some subjects (Fig. 1). The minimum 





a - 
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_ nighttime; BP values for the normotensive subjects were- 
[x94 460) mm Hg, DBP = 52 + 9.2 ne. 


Hg and MBP = 65 + 9.3 mm Hg. The mean + 2 SD 
upper limit values were SBP = 110 mm Hg, DBP = 70 
mm Hg and MBP = 84 mm Hg. Daytime mean + 2SD 
upper limit values were SBP = 141 mm Hg and 
DBP = 90 mm Hg (Table I). 

Among the 68 patients with essential hypertension, 
12 with average daytime BP values of SBP «140 mm _. 


Hg and DBP «90 mm Hg were thought to be nearly — E 


normotensive, like those having so-called white-coat hy- 
pertension (W-type), and were excluded from the pre- 


sent study. The patients with BP on waking of 2140/90 D 


mm Hg and minimum SBP «110 and minimum DBP 
«70 mm Hg were taken as the low night-BP type (L- 
type) and patients with values higher than these were 
taken as the high night-BP type (H-type) (Fig. 2). 
Table Į and Figure 2 show the number of patients and... 
24-hour BP values for each type in the younger and older 
groups. L-types accounted for 30% in the younger group — 
and 36% in the older group, and the average minimum 
MBP for L-types was below the 2 SD upper limit value 
(84 mm Hg) for the normotensive group (Fig. 3). 


Cardiac output and TPRI during sleep: Beginning — 


with an original group of 42 subjects, cardiac output 
during sleep (sleep stages HI-IV) was measured in 13 
subjects in the younger group (8 men, 5 women; average — 
age 46 + 14 [SD]) and 14 subjects in the older group (8. 

men, 6 women; average age, 65 + 4). The number of. 
patients was small because the patients who had awak- 

ened during the investigation were eliminated. 

The average CI in the older group was low during 
waking hours and extremely low bue sep (24 € 0.4/ 





CC FIGURE 1. Time course trendgram of di- 


ling nighttime. 
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FIGURE 2. Classification of patients with 

. mild to moderate essential hypertension 

| into 3 groups based on 24-hour blood 
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2.1 + 0.3 [SD] L/min/m?), whereas CI in the younger 
group was 3.2 + 0.4 and 2.6 + 0.3, respectively. Al- 
though mean BP and mean BP reduction during sleep 
were comparable in the two groups, the decrease in CI 
^ during sleep was smaller in the older group than in the 

- younger group (p «0.01). TPRI decreased in the older 
. group (48 + 7 mm Hg/L/min/m? upon awakening 
versus 42 + 7 during sleep; p «0.01), but did not change 
.. in the younger group (35 + 4 to 35 + 3; NS). 


In the older group, the correlation between reducti n 
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(A% = 100 [value during sleeping — value during wak- 
ing]/value during waking) was significant (r = 0.67, 
p <0.05), but the correlation between A% mean BP and. 
A% CI was slight (r = 0.26, NS). In the younger group, 
a correlation was observed between A% mean BP and 
A% CI (r = 0.65, p <0.05), but there was no signific: 
correlation between A% mean BP and A% 
(r = 0.04, NS). These results suggest : that CF plays a 


the younger group, whereas TPRI plays tht 
= maintaining BP in the older. group. 
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Effect on nocturnal BP of various antihyperten- 
sive agents: Table II shows d, n, and d/n values for 
various antihypertensive agents. The differences in n/d 
.. are probably dependent on the quantities and numbers of 
- doses/day. The d and n values fluctuated in the —5% to 
-4% range before and after 1-week administration of the 
: placebo. Guanfacine, a central-adrenergic inhibitor, 
howed a larger d than n even in single administration 
-prior to nighttime, with an average n/d value of 0.66. 
. Among the 8 blockers, on the other hand, bopindolol, 
. which has intrinsic sympathomimetic activity (ISA), 
- showed the lowest value for n/d (0.65) in single daily 

administration (Fig. 4, Table 11). 



















The a, blocker bunazosin and the aB Cede dieva: i 
dol and labetalol all showed n/d averages of approxi- 
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FIGURE 3. Reduction of mean BP during 
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showing the highest nocturnal antihypertensive effect, 


but single daily administration with nitrendipine showed 
a low value of 0.89. In the angiotensin-converting en- 
zyme (ACE) inhibitors, twice-daily administration of 3f 
captopril produced an n/d value of 0.97, higher than. 
those seen with single daily administration. of enalapril i 


and ramipril.'? 


DISCUSSION 









Although many points remain under concerning 


-nighttime hemodynamics, it has long been known that ^. — 
-BP decreases during sleep.!?-!5 During one sleep stage, " 
BP remains stable at a low level, mi in another. stage i ioc 





TABLE Hil Summary of Other Studies Evaluating the Effect of Antihypertensive Agents on Nocturnal BP. 


Antihypertensive Agents 


Adrenergic inhibitor: 
Central: 
Methyidopa 
Guanfacine 
B-blocker 
(nonselective): Oxprenolol* 
Pindolol* 


Propranolol LA 


Cardvedilol 
(8;-selective): Atenolol 
Metoprolol 
Metoprolol-SR 


a@y-blocker: Prazosin 


4-20 BID 
0.5-20 QD 
100-600 TID 
100-400 BID 
240 QD 
240 QD-BID 
20-60 BID 
20--40 BID 
10-20 QD 
120-180 BID 
20-50 BID 


Terazosin 
a-blocker: Labetalol 


Calcium antagonist: Verapamil-SL 


Nifedipine 


Nitrendipine 
Dittiazern 
Captopril 
Lisinopril 
Ramipril 


ACE inhibitor: 


* [SA CH) ] Significant, + ns. ' Indirect method 
Abbreviations as in Table I. 


undergoes considerable fluctuations;? the greatest de- 
creases are seen in sleep-stages III and IV.!5 However, 
. BP does not decrease unchecked during sleep; rather it 
has a fixed minimum limit. In other research we have 
... designated this level “base blood pressure," and it is 
. extremely important in determining the frequency distri- 
- bution of BP during sleep.!^!5 
.., Among patients with mild to moderate hypertension, 
there is a group (L-type) whose BP falls under 110/70 
mm Hg during sleep, the 2 SD upper limit value for the 
normotensive subjects (Fig. 3). In the present study, 
about one third of our patients in both the younger and 
-older groups were L-type patients; even though their BP 
was high during the day, it underwent a marked decrease 
into the upper normotensive range during sleep (Table I, 
Fig. 3) This nighttime drop, seen also in W-type pa- 
tients, does not imply that the reduction in nighttime 
blood pressure with antihypertensive agents is necessary, 
particularly in the older L- and W-type subgroups. 
It is not yet clear what regulates this nighttime and 
daytime BP. Among the few reports on the hemodynam- 


ics in sleeping humans, 2 reports showed that cardiac — 
- Output decreased during sleeping ?- 20 and another re- 
-vealed a decline in TPRI.?! Our data showed that cardi- 

- ac output decreased in the younger group, but. TPRI 7 
decreased i in the older group during sleep. This’ tay B be 
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because the older group already had a low cardiac output: 
during wakefulness, so it could not drop much further: 
when they slept. Instead, peripheral vascular resistance | 
dropped. This decrease in peripheral vascular resistance 
is probably confined to the main organs, such as the heart 
(myocardium), kidneys and brain, where it maintains | 
blood circulation. In the older patients, therefore, an 
excessive reduction in total peripheral vascular resistance: 
or in cardiac output induced by antihypertensive medica- . 
tion may cause a decrease in blood flow to the major 
organs. Moreover, waking BP is elevated by everyday _ 
psychosomatic activity, and the concentration of plasma - 
catecholamines is higher during waking than during . 
sleep. There is a proportionate increase in BP and cate- 
cholamine concentration.??-2? Consequently, sympathet- 
ic nerve activity is considered to play a greater role in 
elevation of BP during wakefulness than during sleep... 
The effect of antihypertensive medication on noctur- - 
nal BP is related to a variety of factors, such as the time - 
of administration, administered dosage, number of ad- 
ministrations/day and duration of effect, so it is not 
possible to conclude definitively which of the pharmaco- 
logic characteristics of a drug plays a role. Because our 
laboratory has little therapeutic data, we have surveyed : 
reports of other researchers on the effects of various - 


C antihypertensive agents on nocturnal BP and summa- : 
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rized our impression of their work in Table IIL.25-59 As 
these studies did not use the same methods, we relied on 
-our impressions of the data, indicating significant effects 
with downward arrows and nonsignificant effects with a 
“+ sign. Based on a combination of these reports and the 
results of our study, for all of the drugs examined the 
. reduction of BP during the night increased as the number 
of daily administrations was increased from once to twice 
and 3 times daily. 
| Moreover, with the same prescribed administration 
c. methods, the central-adrenergic inhibitors methyldopa 
and guanfacine (which we administered at bedtime) 
tended to produce a smaller reduction in BP during the 
-. night than during the day, probably because during the 
'.. day BP is elevated by sympathetic nerve activity, which is 
.. suppressed by central-adrenergic inhibitors. Among the 
B blockers, those having ISA, such as oxprenolol and 
: . pindolol, have been reported to have a low antihyperten- 
sive effect during the night.?* This may be considered 
attributable to the fact that 8 blockers, which are ISA 
positive, cause only a minor reduction, or even an in- 
crease, in heart rate during sleep. The a,-blocker prazo- 
. sin had little antihypertensive effect during the day or 
night, but thrice daily administration of bunazosin 
seemed to lower blood pressure at night as well as during 
the day. The same tendency toward lower night and 
daytime BP was observed for the a blockers. The calci- 
um antagonists, on the other hand, showed some night- 
time blood pressure reduction following once-daily ad- 
‘ministrations, but they showed the greatest effect when 
administered 2 or 3 times/day. The ACE inhibitors may 
.. have a nighttime BP-lowering effect equal to or some- 
- what less than that of the calcium antagonists. 
: To summarize, central-adrenergic inhibitors and 8 
-blockers with ISA have a larger BP-lowering effect dur- 
ing waking hours and a tendency toward a somewhat 
.. smaller effect during sleep, and peripheral vasodilators 
_. show a tendency toward an increased BP-lowering effect 
"E during sleep as the number of daily administrations is 
increased. 
In some elderly patients with pathophysiologic condi- 
ons such as reduced cardiac output and marked de- 
eases in BP during sleep (L-type patients), it is better to 
avoid antihypertensive agents that cause excessive night- 
time reductions in BP. The data in Tables II and HI may 
provide a reference for antihypertensive treatment of 
these patients. However, since hemodynamics during 
-sleep after antihypertensive drug administration remain 
. undefined and observations have not yet been performed 
. in age-matched older hypertensive patients, future re- 
- search is needed to determine the optimal antihyperten- 
sive drugs and dosage regimens for elderly hypertensive 
patients. 
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Antihypertensive Agents, Serm Lipoproteins 










Effective blood pressure control with traditional 
high-dose diuretic therapy has led to a distinct 
_ decrease in cerebrovascular morbidity and mor- 
... tality, but failed to achieve a satisfactory reduc- 
- ~ tion of coronary complications and sudden death. 
_ The same applies also for 8 blockers, although 
_ they have been shown to be effective in secon- 
.. dary prevention of myocardial infarction. It is 
|. suspected that conventional antihypertensive 
_ treatment has an unfavorable effect on coronary 
.. risk factors other than hypertension. 
|. For instance, thiazide-type diuretics can im- 
|. pair glucose tolerance and increase the potential- 
_ ly atherogenic serum low-density lipoprotein 
_ (LDL) cholesterol fraction and triglycerides. Beta 
|... blockers without partial intrinsic sympathomi- 
metic activity increase serum triglycerides and 
tend to lower the potentially antiatherogenic 
high-density lipoprotein (HDL) cholesterol. Cer- 
tain 2 blockers may also impair glucose toler- 
|. ance, particularly when they are combined with 
_ diuretics. Calcium channel blockers, angiotensin 
|... converting-enzyme inhibitors and o,-receptor 
|... blockers do not adversely affect lipoprotein or 
-carbohydrate profiles. The latter two drug 
_ classes may even increase insulin sensitivity, and 
5,0 blockers may also slightly improve lipid 
v The prognostic relevance of drug-induced 
dyslipidemia and/or glucose intolerance awaits 

C further clarification. In the meantime, it is of 
-clinical interest that several of the generally 
.. available antihypertensive drugs seem to be met- 
.. abolically neutral or sometimes perhaps even po- 
| tentially beneficial with regard to the lipoprotein 
.. and carbohydrate metabolism. 
QE (Am J Cardiol 1991;67:26B—35B) 
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and Glucose Metabolism 


Paolo Ferrari, MD, Johan Rosman, MD, and Peter Weidmann, MD 


' ypertension, an increase in low density lipopro- 
H tein (LDL) cholesterol or decrease in high den- 

. sity lipoprotein (HDL) cholesterol, and: im- 
paired glucose tolerance or diabetes mellitus often occur 
in association.'-^ Moreover, these disturbances can aug- 
ment the risk for coronary heart disease, angina pectoris, 
myocardial infarction and, as a result, congestive heart 
failure. Similarly, elevated blood levels of triglyceride 
(Tg)-rich lipoproteins may be linked to coronary prob- 
lems, at least in some patient groups.^* 

In the hypertensive population, conventional high- 
dose diuretic therapy, with older sympatholytics or the 
newer 9 blockers as step-2 agents and hydralazine-type 
vasodilators as step-3 agents, have lowered blood prés- 
sure effectively. Such therapy also improves overall car- 
diovascular and, in particular, cerebrovascular prognosis, 
but has had little beneficial effect on the course of coro- 
nary heart disease." In patients with mild hypertension, 
high-dose diuretic monotherapy has reduced stroke but 
not coronary complications, whereas monotherapy with 
the 8 blocker propranolol has slightly improved both the 
cerebrovascular and coronary prognosis in nonsmokers, 
but failed to provide such benefit to smokers.’ The latter 
result underscores the adverse effects of smoking. Con- 
ventional antihypertensive therapy may unfavorably in- 
fluence coronary risk factors other than high blood pres- ` 
sure. Interactions with cardiac hypertrophy,’ serum elec- 
trolytes, angiotensin I1, catecholamines, clotting factors, 
and lipoprotein and glucose metabolism are under partic- 
ular consideration. The present review will discuss the 
effects of antihypertensive drugs on two of these risk 
factors: lipoprotein and glucose metabolism. 


EFFECTS OF ANTIHYPERTENSIVE DRUGS 
ON LIPOPROTEINS 

Thiazide-type or loop diuretics: Thiazide-type diu- 
retics, administered as a monotherapeutic regimen, tend 


to increase serum total cholesterol by an average of 4%, 


serum LDL cholesterol by an average of 10% (Fig. 1), as. 


well as very low-density lipoprotein (VLDL) cholester- = - 
ol. 9-3? HDL cholesterol (Fig. 1) and its major apopro- — 


teins, Apo-A, and -A», are largely unchanged. Thus, the 
LDL/HDL cholesterol and total/HDL cholesterol ra- 
tios are frequently elevated. Loop diuretics, such as furo- 
semide—— and the structurally related mefruside, pireta- 
nide and muzolimine—also cause an increase in these 
















«FIGURE 1. Percentage changes in serum 

: fipeprotein-cholesterol fractions as related 
to the duration of a therapy with thiazide- 
type (hatched bars) or certain loop diu- 
retics (closed bars). n > 10 subjects per 
study. Asterisks denote differences be- 
tween study groups on diuretics as com- 
pared with study groups on no diuretics or 
“no antihypertensive drugs. 
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.15303! Moreover, slight increases in VLDL-Tg 
id /or total Tg (average +9%) were noted in most, but 
not all, studies with thiazide-type or loop diuretics. 
— A critical aspect of any metabolic side effect is its 
d course over time. Diuretic-induced dyslipidemia persists 
for at least 1 year, with some studies documenting 
hanges up to 6 years (Fig. 1). In the Multiple Risk 
ctor Intervention Trial (MRFIT),? a reduction in 
al cholesterol in a group receiving no diuretics was 
tinctly blunted by thiazide-type diuretics, even after 5 
o 6 years of this monotherapy (Fig. 2). Similar results 
ere found in the Hypertension Detection and Follow-up 
rogram (Fig. 3).? 
- — The mechanisms of diuretic-induced dyslipidemia, al- 
.. though unclear, may involve both increased synthesis and 
decreased catabolism. Diuretics slightly increase sympa- 
-. thetic nervous activity?? and levels of circulating norepi- 
- nephrine. This may, in turn, promote lipolysis?? as well as 
"stimulating hepatic synthesis of cholesterol subsequently 
secreted as VLDL. Atherogenic serum cholesterol may 
ndeed depend on noradrenergic modulation, as suggest- 
_ed by significant positive correlations between plasma 
-= norepinephrine and LDL plus VLDL cholesterol, before 
. and after sympathetic neuron blockade in patients with 
essential hypertension or renal failure.>4 Thiazide-type 
doop diuretics can also impair insulin sensitivity, ?? 
€ or together with the resulting compensatory 
i nemia can promote hypertriglyceridem 
crease LDL cholesterol, a tendency toward decrease 
HDL cholesterol, and atherogenesis. 3637 
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In women, interactions between diuretics and lipopro- - 
teins seems to depend on the menopausal state. In post 
menopausal women, chlorthalidone produced changes in : 
total and LDL cholesterol similar to those in men; no 
changes were seen in premenopausal women, indicat- : 
ing a "protective" influence of the premenopausal state. 
It seems that estrogens increase the number of hepatic: 
LDL binding sites and stimulate the hepatic uptake of 
chylomicron remnants.?? EC 

The development of dyslipidemia may also be linked | 
to the type and dose of the administered diuretic. e: 
mide, in the usual antihypertensive dose of 2.5 mg/d 
does not produce dyslipidemia.*? (Note that the methyl 
substituted isoindoline portion of indapamide differenti- 
ates this agent structurally from chlorthalidone, hydro 
chlorothiazide, furosemide and ticrynafen.??) Compared 
with the rather low effective antihypertensive dose of 
indapamide,*! unnecessarily high daily doses of chlor- 
thalidone, hydrochlorothiazide (50 to 100 mg/d) or oth- 
er thiazides were utilized in studies focusing on interac 
tions with lipoproteins as well as in the large therapeut 
programs in hypertensive patients. ; 

Since effects of thiazides on serum potassium; ies 
tolerance and uric acid are dose-dependent, in low doses. 
they may also be less prone to modify lipoprotein me b- 
olism. Thus far, studies of this aspect have | 
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paihomimetie activity : 


), such as propranolol, sotalol or timolol, tend to 


- cause the most pronounced changes, increasing total se- 


A LDL+VLDL-Cholesterol,mg/dl 


uu 


A HDL-Cholesterol,mg/dl 


— ŘÍM 





24 months 72 months 


A Total Triglycerides 
| 304 mg/d 


y A 


72 months 


24 months 


FIGURE 2. Absolute changes from baseline in tetal serum 
cholesterol, sum of LDL-cholesterol and VLDL-cholesterol, 
and HDL-cholesterol (top) and in total triglycerides in men in 
the MRFIT after 24 and 72 months of follow-up (bottom). All 
patients were on diet. Open bars represent patients without 
diuretics, closed bars patients with diuretic therapy (based on 
ret. 25). 


-. Beta blockers: Beta blockers, administered as mono- 
erapy, 18,22,24,26,28-30,44-66 eel do 1 not ie se- 


rum Tg by an average of 29% and decreasing HDL. 
cholesterol by 7% (Fig. 6). These alterations are slightly 
less pronounced with highly 
ISA, such as atenolol, metoprolol or betaxolol 
+18%; HDL cholesterol, -7%), and even more dis 

with 8 blockers with mild ISA, such as oxprenolol, ac 
butolol, mepindolol or bopindolol (Tg, -- 1396; HDL cho- 
lesterol, —2%). Pindolol, with more prominent ISA, gen- 
erally does not modify Tg and may even increase HDL 
cholesterol. This action resembles the stimulatory in 
ence of the 8 receptor agonist terbutaline on HDL cho- 
lesterol.9? Finally, celiprolol, a ;-selective blocker with 
ISA and additional »-stimulating as well as a2-blocking: 


properties, even tended to lower Tg and distinctly elevate; ^ : 


ed HDL cholesterol. This potentially interesting profile — 
needs further investigation. Variations in serum Tg an 
HDL cholesterol levels were similarly pronounced fro: 

month and up to 23 years of -blocker monotherapy _ 
(Figs. 4 and 5). Observations on celiprolol are limited: tol 


The mechanisms by which 8 adrenergic blockin 
drugs exert their effects on lipoprotein metabolism are 
only partly understood. Beta blockade is accompanied by. 
increased a-adrenergic tone. Alpha-adrenergic tone is . 
known to lower lipoprotein lipase (LPL) activity,®8 which 
results in increased Tg levels due to an impaired catabo- 
lism of Tg-rich lipoproteins. Thus HDL, which depend: 
on VLDL catabolism, decreases, as indicated by a clos 
inverse relationship between 6-blocker induced chang 
in total Tg and HDL cholesterol. Nonselective block 
apparently inhibit LPL activity more than £j selective 
blockers. Certain 8 blockers also tend to reduce insulin 
sensitivity, ^? which lowers LPL activity and the removal 
of Tg from the circulation. Pindolol can increase lecith 
cholesterol acyltransferase (LCAT) activity, thereby e 
vate l HDL cholesterol by suppressing the HDL-LCA, 
cycle.” ae 
Other sympatholytics: Reserpine, methyldopa, 
brisoquine, urapidil, clonidine and the a-@ blocker la 
alol do not adversely modify the serum lipoproteins.242 
Postsynaptic œ; blockers (e.g. prazosin, doxa 
terazosin) decrease total Tg and cholesterol, and sli; ghtly 
increase HDL cholesterol (Fig. 7).32495658.71-77 This 
tentially beneficial effect can be attributed to an ine 
in LPL,?? which contrasts with the decrease indu. 
blockers described above. Moreover, obl 
promote cholesterol catabolism through inc 


. Teceptor activity and by raised levels of cyclic adenosine 
Terapia ey to inhibition of f ph oephorlies: 





selective Jj blockers without — » : 





us FIGURE 3. Percentage change from base- 


-— ther therapy, after a follow- È Combination (N= 
apy or no ap a | 

of at least 5 years in the Hypertension Chlorthalidone (N-3 1i 

: Detection a and Follow-up Program. (based | 
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FIG IRE 4. Percentage change in total se- 


um triglycerides in relation to the dura- 
AM mteoteonapy with terns P 
blockers without intrinsic sympathomimet- 
ic activity. n > 10 subjects per study. 
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Combination of sympatholytics with diuretics: Di- 

ic-induced increases in LDL-cholesterol were pre- 
vented or reversed by short-term concomitant adminis- fects on serum lipoproteins (Figs. 8-10). 
tration of certain 8 blockers,9939 but not by concomitant 

- sympatholytics, such as reserpine or methyldopa.?^? In HYPERTENSION, INSULIN 
combined diuretic-prazosin treatment, slightly higher AND LIPOPROTEINS 1 
[DL-cholesterol was reported.?43° cabra Hypertension has a hi 
giotensin converting enzyme (ACE) inhibit > 
calcium antagonists: ACE inhibitors (eg Ms 

pril, enalapril and quinapeil) o 
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c sympathomimetic activity (ISA). n = 10 subjects per study. 
Hatched bars represent pindolol, closed bars celiprolol, and 
open bars the effects of other 8 blockers with ISA. 


there is evidence that, even in the absence of obesity or 
.. diabetes mellitus, essential hypertension may be associ- 
ated with insulin resistance, which elicits a compensatory 
increase in insulin secretion. +337 Hyperinsulinemia may 
ncrease intracellular calcium concentration?955 promote 
- proliferation of vascular smooth muscle cells?? and intra- 
cellular cholesterol accumulation’? and at least acutely, 
enhance renal sodium reabsorption?! and sympathetic 
' nervous system activity.?? One or more of these mecha- 
. nisms may contribute to the genesis of essential, obesity- 
associated and diabetes-associated hypertension, as well 
as promote dyslipidemia. 
«The interaction of insulin with the lipid metabolism 
.. may elevate serum Tg and LDL cholesterol, decrease 
_ HDL cholesterol levels?-6?3 and cause an increase in 
adipose tissue, particularly in the presence of excess 
amo its of glucose. The alterations in circulating lipids 
n to result at least in part from an impairment of 
: inhibitory influence on hepatic VLDL secretion 
- and stimulatory action on LPL.” On the other hand, 
. growth factors — insulin in particular —promote LDL- 








. receptor-mediated uptake of cholesterol and reduce. 
Ts impairing cholesterol efflux ; 


: HOI -receptor nen 
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FIGURE 6. Mean percentage response of total serum choles- 
terol, HDL-cholesterol and total triglycerides to remeare 
with different 8 blockers (mean + SD). n > 10 subjects per ` 
study. Numbers denote the total numbers of reported cases. 
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FIGURE 7. Percentage change in total serum cholesterol and 
HDL-cholesterol and serum triglycerides in relation to M 
ration of a monotherapy with postsynaptic o blockers. Dotted | 
bars represent prazosin; closed bars, doxazosin: hatched bars, _ 
terazosin. n = 10 subjects per study. ee 
reported subjects given a mean + $D. 5 ; 
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FIGURE 8. Percentage change in total serum cholesterol and 
- HDL-cholesterol and serum triglycerides in relation to the du- 
ration of a monotherapy with ACE inhibitors. Hatched bars 











captopril; 
ACE inhibitors. n > 15 subjects per study. Average 
' changes in all reported subjects given as mean + SD. 


. from macrophages and vascular smooth muscle cells, 
which in turn results in intracellular accumulation of 
cholesteryl esters.?? Insulin may also enhance the Tg 
content in the aorta, increase aortic intimal thickness5?95 
and stimulate the growth and migration of vascular 
smooth muscle cells from the media through the lamina 
elastica interna into the subintimal space. This complex 
metabolic disturbance, which could be complemented by 
hyperinsulinemia-induced alterations in clotting,” is po- 
tently atherogenic.” In fact, the blood level of insulin 
has been found to correlate independently with the risk of 
developing coronary artery disease.?79$ 

It is evident from this that drugs that decrease insulin 
sensitivity or elevate plasma insulin during fasting or 
after glucose load also exert a potentially adverse influ- 
ence on lipid metabolism, cellular proliferation and car- 
diovascular regulation. 


EFFECTS OF ANTIHYPERTENSIVE DRUGS 
ON GLUCOSE METABOLISM 

Thiazide diuretics can precipitate hyperglycemia in 
‘both non-diabetic and diabetic patients, particularly in 


the postprandial state.??! This disturbance probably . 


- results from decreased insulin sensitivity?^!9! and im- 
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tagonists. n > 10 subjects per study. Average changes in all 
reported subjects given as mean + SD. 










paired insulin secretion 9? (Table I). The adverse effect 
of thiazides on carbohydrate metabolism are dose-depen 
dent, persist during long-term treatment!9? and may be, 
at least in part, reversible after discontinuation of such - 
therapy.?? 

Some f blockers can also interfere with carbohydrat 
metabolism. The cardioselective 8, blockers ateno- 
lol&?.196 or metoprolol® decrease insulin sensitivity, a 
least during short-term treatment (Table I). Moreover. 
in animals!” and humans, 95 administration of the non 
selective 8 blocker propranolol inhibited insulin secretion, - 
whereas the 8-selective blockers practolol!0? or metopro- 
lol'95 did not. ge 

Figure 11 illustrates changes in glucose metabolism 
after long-term therapy with diuretics and/or 8 blocker: 
in some antihypertensive treatment trials. In the Medica 
Research Council (MRC) Trial on mild hypertension, 
impaired glucose tolerance was present after 5 years of 
treatment in 7.8% of patients on bendrofluazide (10 mg/ - 
d) as compared with 2.2% on placebo.'9* In the Oslo 
Study,!5 fasting blood glucose levels after 5 years of 
treatment were only minimally higher in the patient : 
group receiving hydrochlorothiazide (50 mg/d) than i 
the placebo group. In the Veterans Administration | 
study?! and the studies of Berglund et al.!? and Lewi 
a1, which were not placebo-controlled, increas 
fasting blood glucose after 1 to 6 years of thiaz 
ment ranged from 2.5 to 13%, as compared with v; 
at the start tor therapy. Certain observations sugges 
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A SYMPOSIUM: BETA BLOCKERS IN SYSTEMIC HYPERTENSION 
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FIGURE 10. Percentage change in serum cholesterol fractions 
in relation to the duration of monotherapy with different calci- 
um antagonists. Hatched bars represent verapamil; closed 
bars, diltiazem; dotted bars, nitrendipine; horizontal lined 
bars, nifedipine; and open bars, other calcium antagonists. n 
> 10 subjects per study. Average changes in all reported sub- 
jects given as mean + SD. 





TABLE I Effects of Antihypertensive Agents on Glucose 
Tolerance, Insulin Metabolism and Insulin Sensitivity in 
Humans 


Insulin 


Sensi- 
tivity 


Plasma 
Levels 


Glucose 


Tolerance Secretion 


Diuretics 
Thiazide-diuretics 
Loop diuretics 
Potassium-sparing 

diuretics 

B-Blockers 
Unselective 
8,-selective 

ACE-inhibitors 

Calcium channel blockers 
Dihydropyridine-type 
Diltiazem 

Postsynaptic a1-Blockers 


Decrease: | = modest, || = of clinical relevance. Increase: t = modest. 





that loop-type diuretics!9?.!!9 and potassium-sparing 
diuretics!!! may have less pronounced effects on glycem- 
ic control than do thiazides. Nevertheless, in the Europe- 
an Working Party on Hypertension in the Elderly 
(EWPHE),!!? fasting blood glucose after 1 year of treat- 
ment was 12% higher in patients receiving a thiazide/ 
potassium-sparing diuretic combination (hydrochloro- 
thiazide, 25 to 50 mg/d, and triamterene, 50 to 100 mg/ 
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FIGURE 11. Percentage changes in fasting and post-load 
blood glucese levels and percentage of patients developing 
glucose intolerance or diabetes mellitus type 2 in some long- 
term antihypertensive trials, with diuretics and/or beta 
blockers. 


d) than im the placebo group; glucose levels during glu- 
cose tolerance testing were elevated by 12% (compared 
with placebo) in the diuretic treated group (Fig. 11). 
However, the diuretic agent indapamide, given in the 
normal anti-hypertensive dose of 2.5 mg/d, does not 
seem to impair glucose tolerance.*! Age, glycemic con- 
trol at the start of treatment and perhaps the type of 
diuretic may also influence the metabolic interaction of 
diuretics. 

Concerning £ blockers, the MRC trial!® revealed no 
difference in the number of patients developing glucose 
intolerance on propranolol as compared with placebo 
(Fig. 11). However, in the VA study?! and the study of 
Berglund et al.,!? fasting blood glucose levels tended to 
rise more on propranolol than on thiazide therapy. 
Bengtsson et al.!!? observed a remarkable increase in the 
incidence of diabetes mellitus type 2 during therapy with 
different 8 blockers as compared with placebo. Finally, 
alterations in blood glucose appeared to be most pro- 


nounced when 8 blockers were administered in combina- 
tion with diuretics. 05.113.114 

ACE inhibitors do not seem to influence the carbohy- 
drate metabolism adversely.?? Glycemic control even im- 
proved in some studies,?025.115.116 and increased insulin 
sensitivity was reported after short-term treatment with 
captopril in some hypertensive patients (Table 
])3035.115.116 

With few exceptions,!!^!!* calcium antagonists in 
usual clinical doses have no apparent adverse influence 
on carbohydrate metabolism.!!?.?9 Insulin sensitivity 
was unaltered following 24 weeks of therapy with diltia- 
zem! (Table I). Short-term administration of the dihy- 
dropyridine-type calcium antagonist amlodipine in 38 
normotensive subjects did also not modify insulin sensi- 
tivity or plasma insulin levels.'?! 

Similarly, sympatholytic agents other than the 8 
blockers generally have no undesirable influence on 
carbohydrate metabolism.!2?-!?^ The postsynaptic a; 
blocker prazosin was even reported to improve insulin 
sensitivity in obese hypertensive patients. !?4 


RELEVANCE AND OUTLOOK 

Whether the lipoprotein changes induced by certain 
antihypertensive drugs can modify the long-term progno- 
sis of patients is still unclear. In patients with high plasma 
cholesterol levels (pre-treatment cholesterol 26.5 mM/ 
liter), long-term cholesterol lowering with either diet or 
drugs produced a 1.5% decrease in coronary heart dis- 
ease for every 196 reduction in cholesterol. Whether this 
correlation also holds for both increases or decreases in 
cholesterol from initially normal or mildly elevated se- 
rum levels is not yet known. Therefore, attempts to calcu- 
late a potential impact of diuretic-induced increases in 
total serum cholesterol and LDL cholesterol on coronary 
prognosis would be largely speculative. 

Impaired glucose tolerance, resistance to insulin-me- 
diated cellular glucose uptake and hyperinsulinemia are 
cardiovascular risk correlates. Thus, impairment in insu- 
lin sensitivity or alteration in insulin release induced by 
certain antihypertensive or other drugs represents an un- 
desirable side effect. 

Diuretic therapy may concomitantly aggravate sever- 
al potential cardiac risk factors, through insufficient pre- 
vention or regression of left ventricular hypertrophy, elec- 
trolyte imbalance and sympathetic and angiotensin II- 
stimulation. Although it has been difficult to dem- 
onstrate a primary preventive effect of 8 blockers on 
coronary prognosis, such agents have been found to be 
effective in at least the secondary prevention of myocar- 
dial infarction. It follows that diuretics and 8 blockers 
have done at least *some good"; the prognostic efficacy 
of newer drug classes, such as calcium antagonists, ACE 








inhibitors and postsynaptic o; blockers remains to be 
demonstrated. Thus, possible differential indications for 
the various antihypertensive drugs are only beginning to 
emerge. Still, at this stage, it is of clinical relevance that 
several of the generally available antihypertensive drugs 
seem to be metabolically "neutral" or even potentially 
beneficial with regard to the lipoprotein and glucose 
metabolism. 
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Bopindolol is a nonselective 8 blocker with mild 


.. intrinsic sympathomimetic activity. One of the 


drug’s main benefits is its prolonged effect, last- 
ing for 24 hours, which makes it possible to 
administer bopindolol in a single daily dose, a 

| fact that may improve patient adherence to ther- 
apy. A double-blind study was performed in two 


centers, comparing bopindolol with metoprolol in 
/,86 hypertensive patients. Baseline diastolic 


P - blood pressure (BP) was 100 to 120 mm Hg. 
The effects of bopindolol or metoprolol on BP 









: and heart rate were similar: return to normal 


. values was achieved in 70% of patients with ei- 
ther drug. A 6-month study at another center 

|... found that bopindolol did not affect the levels of 
‘total cholesterol, low-density and high-density li- 
- poprotein cholesterol or triglycerides. Another 
| 12-month study documented a decrease in total 
_ cholesterol, apolipoprotein (apo) A1 and apo B. 
... The apo A/B ratio rose, thus improving the ath- 


Ü . erosclerotic index. No deterioration of glucose 


tolerance or immunoreactive insulin response to 


cv glucose was seen after 6 months of bopindolol 


administration. Bopindolol satisfactorily modifies 
not only resting but also exercise BP during iso- 
metric and isotonic load, thus reducing BP fluc- 
_ tuation during physical activities of the hyperten- 
sive patient. The drug exerts no effect on renal 
t. and liver function, electrolyte balance and hema- 
`. tologic parameters. Bopindolol is a very useful 
drug of first choice in mild and moderate hyper- 
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tension. Bopindolol’s main advantages include its 
prolonged action, good tolerance and a beneficial 
effect on risk factors of atherosclerosis (lipid and . 
carbohydrate metabolism). i 

(Am J Cardiol 1991;67:36B--42B) 


used in the treatment of hypertension. Beta . 

blockers meet all requirements for long-term am- 
bulatory treatment of hypertension.! In monotherapy, 
they reliably control blood pressure (BP) in 40% to 50% 
of patients. While lowering systolic and diastolic BP at 
rest and during exercise, they do not produce postural 
hypotension. The frequency of undesirable effects is low, 
usually not exceeding 10%. A disadvantage of nonselec- 


B eta blockers are one of the main groups of drugs r 


tive and cardioselective 8 blockers is their unfavorable — 


metabolic action; they have an adverse effect on lipid and 


carbohydrate metabolism.? The increase in triglycerides US 


is often substantial and may reach 20% to 30% compared - 


with the initial level;? high-density lipoprotein (HDL)- — 


cholesterol decreases by 5% to 10%. 

The impact of antihypertensive drug therapy on isch- 
emic heart disease is less marked than has been expect- 
ed.* A possible explanation is the unfavorable effect 
of antihypertensive therapy on lipoprotein and carbo- 
hydrate metabolism. Beta blockers with intrinsic sympa- 
thomimetic activity (ISA) do not exert this unfavorable - 
effect on HDL-cholesterol levels.^^7 That is why 
this group of 8 blockers is Mud receiving special 
attention. 


Bopindolol, which has been tested in the treatment of... 
hypertension in several centers in Czechoslovakia, is à ^. 


very potent S-adrenoceptor-blocking drug with moderate. 
ISA and long duration of action.5? In clinical pharmaco- 


logic studies, equivalent cardiac g-adrenoceptorblockade = 


was reached with 1 mg bopindolol, 100 mg atenolol or 10 


. mg pindolol.* The relatively slow onset of action of bopin- 


dolol may be at least partly responsible for its good 
tolerability. 









- BOPINDOLOL VERSUS METOPROLOL: 
.. A DOUBLE-BLIND STUDY 
...- A double-blind study comparing bopindolol with me- 
. toprolol in the treatment of essential hypertension has 
` been performed in two centers in Czechoslovakia ( Wid- 
.. imsky and Lefflerová in Prague, and Lupinek in Brno ).!? 
`o Criteria for inclusion were as follows: (1) essential 
hypertension with a diastolic BP of 100 to 120 mm Hg; 
- (2) age between 18 and 70 years for either sex; (3) 
“absence of previous undesirable effects of 8 blockers; and 
- (4) withdrawal of previous antihypertensive drugs. 
Exclusion criteria were: (1) secondary forms of hy- 
pertension; (2) malignant or accelerated hypertension; 
(3) cerebrovascular or hypertensive encephalopathy 
within the past year; (4) history of heart failure or myo- 
cardial infarction; (5) severe metabolic disease; and (6) 
. contraindication to -blocker therapy. The study includ- 
ed 86 hypertensive patients; 44 patients were assigned to 
a group treated with bopindolol, and 42 subjects to a 
. metoprolol group. Duration of hypertension did not differ 
significantly in either group. Statistical analysis showed 
-that both groups were homogeneous and did not differ in 
. any of the parameters studied (Table I). 
Patients were withdrawn from all drugs administered 
- previously and were provided placebo for 2 weeks (dose 
© A). In case inclusion criteria were met, patients in the 
respective groups were administered dose B (1 mg bopin- 
lol once daily or 50 mg metoprolol twice daily) (Table 
— 1D). If on the next follow-up visit, diastolic BP was 95 mm 
— Hg or more, dose C (2 mg bopindolol once daily or 100 
- mg metoprolol twice daily) was given. If even this dose 
~ failed to control BP effectively, dose D (3 mg bopindolol 
once daily or 150 mg metoprolol twice daily) was admin- 
: dstered (Table II). Patients had their BP measured with a 
sphygmomanometer in the supine and upright positions 
after 3: minutes of rest, with heart rate determined simul- 
. taneously. Patients were followed in the same manner at 
4-week intervals for 3 months. 
-During the placebo phase and after 3 months of effec- 
tive therapy, the following laboratory tests were per- 
"formed: electrocardiogram, ASAT, ALAT, blood count, 
“urea, creatinine, bilirubin, potassium, cholesterol, uric 
acid, plasma glucose and urinalysis. 
^5. Results were analyzed using BMDP programs.!! 
< Comparison of parameters among groups was performed 
. using the two-sample Student's t test. To assess real-time 
"changes in the parameters studied, analysis of variance 
with repeated measures and one grouping factor was 
used. 





— c: Qur results (Tables HI and IV) have shown that both. 
E ines are effective in controlling. both systolic and di o 


-. stolic BP in supine as well as in standing positions. 
did not find any difference in the antihypertensive eth Ga- 
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TABLE I Characteristics of Examined Group of Patients 
Treated With Bopindolol or MEM 





Total no. 


Men A Es 
Women 21 19 
Age (yrs) 50 € 10 51411 
Duration of 7 5 
hypertension (yrs) 

WHO stage of i 27 25 

H 16 1 2 

H 1 





WHO = World Health Organization. 


TABLE Il Dosage Protocol Used in the Double-Blind Study 
Comparing Bopindolo! With Metoprolol 


Bopindolol Metoprolol 


Placebo 2 X daily Placebo 2 X daily 
1 mgin the morning 50 mg 2 X daily 

* placebo in the evening 
2 mg in the morning 

*- placebo in the evening 
3mgin the morning 

* placebo in the evening 


100 mg 2 X daily 


150 mg 2 x daily | 





cy of the two drugs. Both drugs decreased heart rate in : 
the supine and standing positions. '? i 

The doses employed in the 79 patients who aida 
the bopindolol study were as follows: 22 patients were 
provided 1 mg once daily, 11 subjects 2 mg once daily, . 
and 9 patients received 3 mg once daily. The group: 
treated with metoprolol included 20 patients who re- 
ceived 50 mg twice daily, 11 patients with 100 mg twice 
daily and 6 receiving 150 mg twice daily. 

Values for blood count, bilirubin, ASAT, ALAT, 
creatinine and urea were within the normal range in all. ~ 
patients before and after therapy. Values of cholesterol, . 
glucose and uric acid were not changed at the end of 3 
months of therapy with either drug. 

Adverse effects: The study was not completed by 7 
patients (2 treated with bopindolol and 5 receiving meto-. ` 
prolol). However, 2 patients in the metoprolol group- 
discontinued therapy for subjective reasons within the 
placebo period. During active therapy, undesirable sidé 
effects — weakness, fatigue, bradycardia or sweating-— 
were the reason for discontinuing therapy in 2 patients 
receiving metoprolol and | patient receiving bopindolol. 
In | patient a dose as high as 150 mg of metoprolol twice. 
daily failed to decrease diastolic BP below 115. mm Hg: 

In another 2 patients, therapy was discontinued be- 


„cause of concomitant disease: one patient receiving meto- 


rolol was excluded from the study for acute non-Q-wave 
-ardial infarction; another treated. with. bopindolo 
val excluded for acute pancreatitis. The remaining 79 


gl 


| m | 











UR BP Supine 


= Bopindolol 154 102 75 

oo dn 44) +16 +7 +9 

$ Metoprolol 157 103 73 
(n= 42) +13 +6 +10 








5 metoprolol and bopindolol was observed. 





-i TABLE IV Blood Pressure and Heart Rate During 3-Month Therapy With Bopindolol and Metoprolol (Standing Position) 





1st Month 





Placebo 


BPs 





"BP Standing 


25 t Bopindolol 151 





104 80 143 93 
(n = 44) +16 +6 +9 +15 +10 
Metoprolol 155 106 78 149 94 
(n = 42) +16 +7 +10 +19 +11 


-Alt values of systolic and diastolic blood pressure and heart rate were significantly influenced by metoprolol or bopindolol (p «0.01). No significant difference between the effect of. S 


SBP = systolic blood pressure (mm Hg); DBP = diastolic blood pressure (mm Hg); HR = heart rate (beats/min). 





7i 142 91 7i 143 93 71 
+9 +15 +8 +8 +16 +8 +7 
71 146 94 69 147 93 69 
i9 +19 +10 +10 +19 +9 +8 




















2nd Month 3rd Month 














metoprolol and bopindolol was observed. 


Supine BP (mm Hg) 
170 










L2 age 37 yrs 
= age 64 yrs 






halgi H 





placebo  fS'month 2™month 3" *month 














io FIGURE 1. Bopindolol in the treatment of hypertension in the 
“elderly in the supine position. BP = blood pressure; HR = heart 
rate. 


patients tolerated therapy very well and did not complain 

of undesirable side effects. 

: c Qur results confirm the very good antihypertensive 
effect of bopindolol in patients with mild and moderate 
hypertension.*®:'?.!3 Compared with metoprolol, bopindo- 

lol is equally effective in controlling both systolic and 

diastolic BP. Using 6-blocker monotherapy, normaliza- 

-. tion of diastolic BP (<95 mm Hg) was attained in 7076 
: of our patients. with mild and moderate hypertension. 
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: SBP = systolic blood pressure (mm Hg); DBP = diastolic blood pressure (mm Hg); HR = heart rate (beats/min) 






Ali values of systolic and diastolic blood pressure and heart rate were significantly influenced by metoprolol or bopindolol (p «0.01). No significant difference between the effect of i E 














Bopindolol in the treatment of the elderly hyper- — 
tensives: Age did not influence the antihypertensive effi- =: 
cacy of 8 blockers. Bopindolol or metoprolol induced. 
absolute or relative blood pressure reductions similar 
in the younger (30-40) and older (60-69) age groups 
(Fig. 1). 

These data indicate that the antihypertensive efi ficacy 
of 8 blockers is not age-related. Our findings are in 
agreement with previous data by Weidmann and Bous- 
quet et al!?!4 but differ from those of Buhler et al!’ and 
Hulthen et al. According to Bühler et al, the antihyper- — 
tensive effect of 8 blockers is least manifest in patients — 
aged 60 to 69 years.!5 About 80% of patients over 60 
years of age in the above study did not respond to 6 Be 
blockers with a sufficient decrease in BP. In our study, ———— 
however, normalization was reached in 80% of elderly — 
patients with mild hypertension (Fig. 2). 

Effect of bopindolol treatment on handgrip BP 
values in hypertensive subjects: In an open study, . 
Dvorak tested the effect of bopindolol on BP values both. — 
at rest and during handgrip in 15 patients with mild. — _~ 
hypertension. Mean age was 46.2 years (range, 37-60); 
10 subjects were men and 5 were women. The handgrip 
test was performed after 2 weeks of placebo treatment - 
and after 1, 2 and 3 months of treatment v ier: 
at a dose of 1 to 2 mg daily. o 

A significant decrease in BP both at rest and ducing E 
handgrip could be observed after the first month of bo- 
pindolol treatment (Fig. 3). 
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: : FIGURE 2. Beta blockers (bopindolol or metoprolol) in the 
treatment of elderly hypertensives: percentage of hypertensive 

patients in whom monotherapy with 8 blockers led to diastolic 
blood pressure lower than 95 mm Hg. 


5 During placebo treatment, 7596 of patients with mild 
hypertension had a pathologic BP response to the hand- 
grip test, i.e., systolic BP 2180 mm Hg or diastolic BP 
..- £125 mm Hg. After 3 months of therapy with bopindo- 
lol, only 26% of patients showed a pathologic response to 
the handgrip test (p «0.001). 

Effect of bopindolol on BP during exercise: A 
study was conducted of BP values before and after 3 
months of bopindolol treatment at rest and during exer- 
cise in 8 subjects in an open study (O. Mayer, Plzeni). 
Mean age of the patients was 51.6 years (range, 18 to 
... 64). All patients had mild or moderate hypertension. 
ae After 2 weeks of placebo phase, bopindolol treatment 

_ was started and continued for 10 weeks. A submaximal 


















BP mmHg 


200 
180 


160 


- ; FIGURE 4. The effect of bopindolol treat- 
: ment on blood pressure values during ex- 
: MN I6 hopertenshe subjects. BP = blood 
ve pressure; Ex = exercise. 


220 f ! 
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isometric exercise (handgrip). 


exercise test was performed at the end of the placebo. 
phase and again after 10 weeks of bopindolol treatment. 
The researchers used the bicycle ergometer test with 3. 
loads without interruption, each lasting 4 minutes. Exer- 
cise tests were performed in the sitting position. Exercise: 
systolic and diastolic BP decreased significantly during 
bopindolol treatment (Fig. 4). : 
Effect of bopindolol on lipids in hypertensive sub- 
jects: The effect of bopindolol on lipids was studied in an- 
open 12-month study including 19 subjects in one cen- - 
ter." Mean age was 46.2 years (range, 17 to 66). The 
patients’ body weight remained unchanged throughout 
the study. At entry, the patients were asked to stop their 
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urrent antihypertensive therapy and were provided with 
placebo for 2 weeks. After completion of the placebo 
hase, bopindolol was administered for a total period of 
2 months. 
-. At the end of the placebo period and then once a 
month, total cholesterol, HDL-cholesterol, triglycerides 
and apo A and B were determined. 
—— A comparison of initial values with values after 12 
months of therapy revealed no statistically significant 
lifferences in total cholesterol, HDL-cholesterol or tri- 
- glyceride levels or in the total cholesterol /HDL-choles- 


E rate (Fig. 5) 








.. HDL-cholesterol 





0123491012 months 


0123491012 months 


... ferol ratio. The ratio did not decrease in 1 year of treat- - 
.. ment, and hence. the diee index did not deterio- : 
cus . esed significantly (p «0.001) (Fig. 9. The rape PA 8 
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(n219) 


FIGURE 5. Cholesterol and HDL-choles 
terol valuas durik the Vents of kynni: 
tension with 


** p«0.001 
* p«0.02 


FIGURE 6. Apolipoprotein values in hy- 
pertensive subjects during treatment with 


















TABLE V Bopindolol Treatment and Lipids 


Placebo lstMonth 3rdMonth 6th Month | 


Total cholesterol 5.8440.47 5.3440.20 5.714031 5714031] ^ 

HDL-cholestero! 1.424016 16240.27 1.6940.17.1.684015 | .— 
Triglycerides 2.01£0.38 2.2140.27 1.84032 188£032 | 
APO AL 1624+0.08 1.6640.06 1.65:0.07- 1.684007 | - 
APOB 1.85:0.09 0.9840.09 0.864 0.08 0.862007 | Hn 










No significant differences were found; (n = 10). 
APO = apolipoprotein, HDL = high-density lipoprotein. 








Compared with placebo values, the serum ni concentra- e 
tions of apo A and B after 12 months of therapy de- 














| ie Puma ghmmoee and omi 
(Hae before and after 75 g oral glucose 








‘ratio rose markedly, from 1.61 during the placebo phase 
o 1.79 after 12 months of treatment with bopindolol, 
indicating an improved atherogenic index. 
Effect of bopindolol treatment on carbohydrate 
metabolism: The effect of bopindolol on carbohydrate 
d lipid metabolism was studied in 10 hypertensive 
patients in an open 6-month study.'® No significant 
.. changes in total cholesterol, low-density lipid cholester- 
ol and very low-density lipid cholesterol were observed 
(Table V). 
— = Blood glucose did not change significantly. During 
-the glucose tolerance test, glycemia decreased 120 min- 
. utes after glucose load below initial values during bopin- 
dolol treatment when compared to the placebo phase 
(Fig. 7). Immunoreactive insulin values remained the 
. same both before and after the oral glucose test during 
-bopindolol treatment. 
Our results are thus in agreement with previous data 
demonstrating that bopindolol does not have an adverse 
effect on metabolic risk factors of coronary artery 
disease.97 
In conclusion, our results show that bopindolol is a 
potent antihypertensive drug able to normalize BP in 
70% of hypertensive patients. It is very well tolerated; the 
incidence of undesirable effects is low and may be even 
. lower than with placebo.!? Its long duration of action 
_ enables administration of a single dose in the morning. It 
.. ds known that one third of hypertensive patients do not 
c comply with therapeutic recommendations. Once-daily 
















: | administration may have a favorable effect on patient xs 
.. adherence to therapy.!? Bopindolol does not influence 3: 








glucose mmol/l 
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lipid and carbohydrate metabolism; therefore it is well 
indicated in hypertensive patients with hyperlipoprotein: 
emia or diabetes mellitus. 
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| Review of State-of-the-Art Beta-Blocker Therapy 


Lennart Hansson, MD 





- Beta-adrenoceptor blocking drugs have been 

used in the treatment of hypertension for more 

.. than 2 decades. During this time they have 

.. reached the position of first-line therapy for hy- 

pertension and are recommended as such by the 

Joint National Committee (U.S.A.) in 1988 and 
-by the World Health Organization/International 
Society of Hypertension in 1983 and 1989. This 

is because of the favorable relationship between 
. the antihypertensive efficacy of these drugs and 
“the rate and severity of their adverse effects. Of 
-particular interest is the possibility that 8 

< blockers may protect against coronary artery 

disease (CAD). With regard to secondary preven- 


tion against CAD, statistically highly significant 


. and clinically relevant reductions of mortality 


.. and the risk of reinfarction have been shown in 









.. prospective, double-blind, placebo-controlled tri- 

. als. A primary preventive effect against CAD, on 
-the other hand, has only been shown in open tri- 
Us als without placebo control. However, in spite of 

the lack of clear proof, this effect still appears to 
. bea logical possibility. Some new findings with £ 
-blockers appear to be of particular interest: beta 
- blockade may reduce myocardial necrosis in pa- 

. tients with marked elevations of plasma cate- 


. cholamines due to traumatic head injury; a simi- 


- lar protective effect in other situations of severe 
stress, e.g., acute myocardial infarction, would 

: be of great clinical value. Experimental studies 
also suggest that 8 blockers may have 
antiatherosclerotic effect in animals fed an ath- 

^"erogenic diet and subjected to stress. Again, 

clinical confirmation of such results would be of 
great significance. 

(Am J Cardiol 1991;67:43B—46B) 
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reatment of arterial hypertension constitutes a 
| large and important part of all medical care pro- 
vided in industrialized nations today. Over the 
years, several groups of antihypertensive compounds 
have become available clinically, one of which is the 8- 
adrenoceptor blocking compounds, commonly referred 
to as 8 blockers. These agents were introduced for the 
treatment of hypertension some 20 years ago and have 
rapidly reached the status of first-line treatment, which- 
they still hold. 
This brief review will cover some of the issues of 8-:- 
blocker treatment that are currently of clinical interest as 
well as some new aspects whose clinical importance may: 
increase in the future. 


BETA BLOCKERS : 
Beta blockers have been used in the treatment of 
hypertension for well over 2 decades. They were accepted 
as first-line treatment in many centers in the early 1970s 
and this position has been strengthened in many ways 
since then, e.g., by official recommendations such as the 
one by the World Health Organization/International 
Society of Hypertension (WHO/ISH) in 1983.! That 8. 
blockers still are regarded as first-line treatment by influ- 
ential expert committees is exemplified by the recom-. 
mendations of the Joint National Committee (U.S.A.)in 
1988? and by the recent guidelines for the management 
of mild hypertension issued by WHO/ISH in 1989? 
Ahlquist first presented the concept of 6-adrenocep- 
tors in 1948.4 He divided the adrenoceptors into the 
subtypes a and £, defining the B-receptor by its sensitiv- 
ity to stimulation with agonists in the following order: 
isoprenaline > epinephrine > norepinephrine.? Later 
Lands et al? carried this definition one step further by - 
subdividing 8-adrenoceptors into the subtypes 8; and f». l 
The -adrenoceptors have an equal affinity for nor- 
epinephrine and epinephrine, whereas the 8-adrenocep- _ 
tors have a greater affinity for epinephrine than norepi- — 
nephrine.? 
Ten years after Ahlquist's definition of the adreno- 
ceptors, pharmacologic blockade of 8-adrenoceptors was 
made possible through the use of dichloroisoprenaline.® - 
James W. Black (the 1988 Nobel Laureate in Medi- 
cine and Physiology) is the inventor of several of the 
important pharmacologic compounds that have the. abili- 
Ww fo block Aea e.g.. pronethalol and pe 
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Antihypertensive 


: Torana Blocks "up Blocks B; MSA RISA ASA Remarks 
- Proprariolol + + + = = + 
Timolol * * - - - + 
Oxprenolol + + + + + + 
Pindolol * + - -— * + 
Atenolol + i = = = + 
Practolol + - - * * + 
Epanolol + = = + = ? 
ICI 118,551 - + ? - - - 
Labetalol * * + - + a-blockade 
ISA = intrinsic sympathomimetic activity; MSA = membrane-stabilizing activity (usually not clinically important at normal dosage). 











: : “TABLE Il Withdrawal of Randomized Treatment Due to Adverse Effects in Male Patients in the Medical Research Council (MRC) 
55-1. Trial of Treatment in Mild Hypertension (Rate / 1,000 Patient Years) 


Patient Years (2,452) 








Impaired glucose tolerance 


Gout or serum urate >501 pmol/L 

impotence 19.6 
Raynaud's phenomenon ie) 
Skin disorder 0.4 
Dyspnea 0 
Constipation 1.6 
Lethargy 6.9 
Nausea, dizziness, headaches, etc. 8.6 





.. pranolol. In 1964, the first clinical reports dealing with 
the antihypertensive effect of these compounds were pub- 
lished."-? In particular, Prichard’s work5-!? was very im- 
portant for the rapid development in this area, and he and 
his.group published many of the major early papers 
dealing with the antihypertensive efficacy of 8 blockers. 
Other large-scale studies soon confirmed these initial 
. positive results.!!-!? 
_ Antihypertensive mode of action: Numerous 
. mechanisms have been proposed in attempts to explain 
how @ blockers lower elevated arterial pressure. Obvious- 
. ly, the blockade of 8)-adrenoceptors appears to be one 

important component, since both nonselective blockers 
(8; and 82) and B,-selective agents reduce blood pres- 
- Sure, whereas 8;-selective blockers do not lower blood 
. pressure. 4 

“In. addition, 8 blockers with intrinsic sympathomi- 
* metic activity (ISA), such as pindolol and bopindolol, are 
- of particular interest since they lower blood pressure via a 
slightly different mechanism than 8 blockers without 
ISA. The common 6 blockers cause an acute fall in 
cardiac output with a concomitant increase in total pe- 
ripheral resistance (TPR), and consequently blood pres- 
sure does not change acutely.!516 During continued 
-. treatment with such agents, cardiac output remains at a 
reduced level, but in responding patients, blood pressure 





falls, owing to a decrease in TPR.?!* In contrast, 8 
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Bendroflumethiazide 


.. (Adapted from the Medical Research Working Party.°”) 












Propranolol 
(2,738) (6,776) 


















5.5 0.2 
2.2 0.2 
8.0 0.2 
0.4 0 
10.2 0.3 
6.7 12 



















blockers with marked ISA do not reduce cardiac output 
and do reduce TPR, leading to an acute fall in blood 
pressure that is maintained during chronic treatment.!? 

The underlying mechanisms behind these rather 
clear-cut hemodynamic alterations are perhaps a bit _ 


more controversial. The importance of a 8 blocker-in- — ^. 


duced decrease in renin release has been debated. Today: 
it appears that most investigators question the impor- 
tance of plasma renin both as a predictor of response and 
as a major mechanism by which blood pressure is affect- 
ed. This issue has been discussed in depth in the recent 
excellent textbook Beta-Blockers in Clinical Practice.!8 
In addition to the importance of ISA, particularly 
ISA affecting 3;-adrenoceptors (briefly reviewed above), 
there are other ancillary properties, e.g., the membrane-. 
stabilizing effect, which, however, does not seem to be. 
important for the antihypertensive effect!? (Table D). - 
In this context one should stress the dissociation be- 
tween the onset of G-adrenoceptor blockade and the anti- 


hypertensive effect. Beta blockade can be demonstrated — 
within minutes after the intravenous administration of a. 
B blocker, whereas the antihypertensive effect occurs — 
gradually over hours or days.?? The dissociation in time — 


between these two effects also can be observed upon 
cessation of treatment, when blood pressure only gradu- 
ally returns to the initial level whereas nean d rate in- 
creases much more rapidly. 2 : 














.— Antihypertensive efficacy: Some of the early inves- 
-. tigators, including Prichard, reported that the antihyper- 
. tensive efficacy of propranolol was equal to that seen with 
~ «methyldopa, bethanidine or guanethidine.'° In formal 
comparisons, 3 blockers have been shown to be as potent 
as diuretics,? and various 8 blockers usually also are 
found to possess similar antihypertensive efficacy.” 
~ In combination with dihydropyridine-derived calcium 
. antagonists such as isradipine or felodipine, 8 blockers 
"may cause a marked antihypertensive effect. 2^6 

Side effects: The side effects caused by 8 blockers 
are in general well known, and are exemplified by the 
adverse effects reported in the large prospective interven- 
tion trial in mild hypertension conducted by the Medical 
Research Council in the United Kingdom?! (Table II). 
(The side effects of the 8j-selective agent practolol, 
which was withdrawn from oral clinical use more than a 
decade ago, appear to be peculiar to this compound and 
will not be dealt with here.) 

A certain debate has centered around central nervous 
system side effects, e.g., vivid dreams and sleep distur- 
bance. Some investigators have found a higher incidence 
of such complaints in patients receiving treatment with 
' Jipid-soluble 8 blockers, whereas others have found little 
or no difference between water-soluble and lipid-soluble 
. agents. This topic is reviewed in somewhat greater detail 

n the new edition of the Handbook of Hypertension. 
. Another important topic is the extent of the potential- 
ly negative metabolic effects that 8 blockers may exert. 
An extensive review by van Brummelen, comprising 22 
< studies in this area, showed that 8 blockers with marked 

` ISA caused the smallest changes in the lipid profile.?? 
-Prevention of coronary heart disease: Since coro- 


nary artery disease (CAD) is the major complication of 


hypertension, it is understandable that much interest has 
been devoted to the ability of antihypertensive agents to 
prevent this common and serious condition. In secondary 
preventive studies (i.e., studies in which 8 blockers have 
been given to patients who have already suffered a myo- 
cardial infarction), the preventive effect has been estab- 
lished beyond doubt. A meta-analysis of 25 such trials, 
. conducted with several different 8 blockers, found that 8 
blockers caused a highly significant 22% reduction in 
mortality and an equally significant 27% reduction in the 
reinfarction rate compared to placebo.?? 

. Unfortunately, the primary preventive effect against 
. CAD, i.e., prevention of myocardial infarcts in patients 
who have previously not suffered this complication, is 
- . much less clear-cut. A primary preventive effect has been 
predicted by many authors for several years, but so far 
.. placebo-controlled intervention trials in hypertensives 


-. have failed to demonstrate this highly desirable effect. It. 
. must therefore be concluded that although a primary v 


.. THE AMERICAN JOURNAL OF CARDIOLOGY APRIL edid 


` blocker group showed signs of myocardial necrosis 








TABLE lil Pharmacologic Properties of Some Newer Beta - 
Adrenoceptor Blocking Agents 


















































Compound Distinguishing Features 


Adimolol Beta)-selective, long plasma half-life, 


long duration of action 





Bisoprolol Beta,-selective, high degree of selectivity 

Bopindolol Nonselective, ISA, very long duration of action 

Carvedilol Nonselective, vasodilating due to « blockade 

Celiprolol Beta,-selective, vasodilating due to S;-agonism 
and other mechanisms 

Dilevalol Nonselective, vasodilating mainly due to 


marked 8;-agonism 





ISA = intrinsic sympathomimetic activity, i.e., J-adrenoceptor agonism. 


preventive effect against CAD appears logical when 8 
blockers are used in the treatment of hypertension, defin- 
itive proof is still lacking. 
Recent developments: A number of new 8 blocking 
agents are being produced, some of which are still in 
clinical trials (Table HI). It is worth noting that some of 
these new agents, in addition to their 9-blocking ability, 
have other properties of potential clinical importance, 
such as ISA or prolonged duration of action. This is a 
desirable development, since it gives the prescribing 
physician the possibility of selecting an agent within the 
B-blocker group which is particularly suitable for the 
individual patient. 

Antiatherosclerotic effect: Most of the cardiovascu- 
lar complications in hypertension are associated with or 
directly due to atherosclerosis. Against this background, . 
it is interesting to note that a review of 13 experimental 
animal studies shows that administration of 6 blockers 
had a retarding effect on the development of atheroscle- 
rosis in 10 of these studies.?! In particular, the results 
obtained in cholesterol-fed monkeys subjected to psycho- - 
social stress show that 8 blockade significantly reduced 
coronary atherosclerosis.?! When and if such results can 
be confirmed in clinical trials, it is obvious that they 
would be of major clinical importance. 

Cardioprotection: A number of pharmacological | 
compounds, including 6 blockers, have been shown to 
reduce the size of myocardial necrosis in animals subject- 
ed to experimental ligation of a coronary artery. Of more 
immediate clinical interest are studies comparing pro- 
spective, double-blind administration of a 8 blocker or 
placebo to patients under severe stress due to traumatic 
head injuries.?? These patients showed marked elevations 
of plasma catecholamines, directly correlated to in-. 
creased levels of CK-MB, sometimes to levels indica- - 
tive of myocardial infarction.? This rise in catechol- 
amine and CK-MB levels was completely prevented by - 

- B-blocker treatment. At autopsy no patients in the 6 


whereas. clear necrotic lesions were identified i in the fe 








carts available for examination in the placebo group.?? - 


uch results point to the interesting possibility that treat- 
ment with 8 blockers could prevent myocardial damage 
4n situations characterized by severe stress and marked 
elevations of plasma catecholamines. Again, such an ef- 
_ fect would be of great potential clinical importance. 


CONCLUSIONS 

Beta blockers are still first-line drugs for the treat- 
ment of arterial hypertension. They are effective and well 
“tolerated and also less expensive than some of the newer 
classes of compounds currently available. In addition, 
their secondary preventive effect against CAD is proven 
beyond doubt, and it is still logical and realistic to expect 
..a primary preventive effect against CAD. 
t. The antiatherosclerotic effect and the prevention of 
myocardial necrosis shown by 8 blockers in some recent 
studies can justify expectations of future clinical advan- 
“tages. Furthermore, new and improved 8 blockers are 
likely to contribute to the important role that 8 blockers 
play and will continue to play in the treatment of hyper- 
tension for many years to come. 
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Clinical Experience With Bopindo 
Summary of Poster Presentations 


Masaharu Ikeda, MD, and Yoshiyuki Nakashima, MD 


pdated, comprehensive theories on the mech- 
: | | anisms and clinical benefits of 8 blockers in 

general were advanced in the oral presentations 
and panel discussions of this symposium. The topics of 
the poster presentations focused on the clinical character- 
istics and usefulness of bopindolol, a new -adrenoceptor 
blocking agent, on hypertension and angina pectoris, 
based on clinical experience. 

Bopindolol is a prodrug that is a potent 6-adrenocep- 
tor antagonist with an extremely long duration of action. 
Pharmacologic experiments have revealed that bopindo- 
lol blocks both 81- and 8;-adrenoceptors as well as having 
intrinsic sympathomimetic activity (ISA). 

Hemodynamic characteristics of bopindolol: Tsu- 
kiyama et al investigated the hemodynamic effects of 
bopindolol compared with atenolol (a cardioselective 8 

` blocker with no ISA) by radiocardiography using iodine- 
131-labeled serum albumin. The study protocol was a 
crossover design, with treatment with the first drug for a 
period of 6 weeks before crossover to the other drug for 
another 6 weeks. At the end of each period, hemodynam- 
ic and clinical examinations were performed. During the 
atenolol treatment period, heart rate was reduced and 
cardiac output tended to decrease, with no significant 
change in peripheral resistance. During bopindolol, how- 
ever, there was no change in heart rate and cardiac 
output, with a tendency toward reduction in peripheral 
resistance. From these results it was concluded that the 
ISA of bopindolol may both counteract the increase in 
peripheral resistance induced by vascular 85 blockade 
and also minimize the decrease in heart rate and cardiac 
output. 

Brandao et al reported on a double-blind study em- 
ploying echocardiographic evaluation of left ventricular 
function following 8 weeks of administration of bopindo- 
lol.or atenolol in 35 patients with essential hypertension. 
Although the two drugs showed equal efficacy in reduc- 
ing blood pressure, bopindolol reduced blood pressure by 

"decreasing total peripheral resistance by 10.6% with no 
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myocardial functional changes due to ISA, whereas 
atenolol decreased blood pressure by reduction of cardiac 
output by 9.7%. 

These hemodynamic studies indicate that the under- 
lying mechanisms of blood pressure reduction are differ- 
ent with bopindolol and atenolol and that bopindolol has 
a more favorable hemodynamic profile than atenolol. 

Antihypertensive effects: Nakashima et al reported 
on the clinical efficacy of bopindolol compared with aten- 
olol in patients with mild to moderate hypertension. The 
multicenter study was performed using a double-blind, 
parallel-group design with a placebo run-in. A total of 
244 patients with essential hypertension (World Health 
Organization grades I, H ) were treated for 12 weeks with 
either 1 mg bopindolol (122 cases) or 50 mg atenolol 
(122 cases), using a double-dummy method, after a 4- 
week placebo phase. Either drug significantly lowered 
blood pressure. The response rates were 61% for bopin- 
dolol and 65% for atenolol. Although heart rate was 
reduced with each drug, final values were significantly 
higher in the bopindolol group than in the atenolol group : 
(p <0.05). Adverse effects were minimal with bopindo- 
lol. The researchers concluded that | mg bopindolol once » 
daily or 50 mg atenolol once daily controlled blood pres- 
sure with equal efficacy, but that bopindolol was a safer 
drug when adverse effects were considered. 

Rogowski et al reported the results of once-daily bop- 
indolol on circadian blood pressure profiles in hyperten- 
sive patients. Ambulatory blood pressure profiles were 
recorded in 10 patients before and after 2 weeks of treat- 
ment with | to 2 mg bopindolol once daily. With bopin- 
dolol, the 24-hour mean systolic blood pressure decreased 
from 143.7 to 127.6 mm Hg and the diastolic blood 
pressure from 99.4 to 88.8 mm Hg. Heart rate was 
reduced by 6.5 beats/min. 

All hourly mean systolic and diastolic blood pressure 
values were reduced, with no change in the circadian 
pattern. No adverse events were reported during bopin- 
dolol therapy. These data suggest that | to 2 mg bopindo-. 
lol once daily exhibits good antihypertensive efficacy dur- 
ing the whole 24-hour period and, by reducing awaken- 
ing blood pressure, may have a beneficial antihyper- 
tensive effect. 

Matsuura et al reported on the antihypertensive effi- 
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administration of bopindolol, as well as on its effect on 
he eye. Bopindolol was given once daily at a dose of 0.5 
to 2.0 mg for 6 to 12 months in 19 patients with mild to 
moderate essential hypertension. Ophthalmologic tests 
were conducted at 6 and 12 months. Bopindolol showed 

< stable long-term antihypertensive efficacy; the response 
rate was 71.4%. No ophthalmologic changes were seen. 

Kasahara et al performed the standing test and cold 
pressor test on patients receiving combined therapy with 
a calcium antagonist and bopindolol, to investigate the 
effect of stress on changes in blood pressure and plasma 
catecholamines. 

Bopindolol was administered for 8 to 12 weeks to 11 
patients with essential hypertension whose blood pressure 
was not reduced by calcium antagonists. Blood pressure 
was lowered within 2 weeks and was maintained for the 
duration of the combined therapy period. Following 
combined therapy, blood pressure and heart rate were 
reduced and plasma norepinephrine levels were de- 
creased at all times compared with monotherapy, on both 
standing and cold pressor tests. The researchers conclud- 
ed that combined therapy with a calcium antagonist and 
bopindolol was effective and favorable even under stress. 

Cristal et al reported a field study performed in pri- 
mary care clinics. They examined the dose efficacy of 
bopindolol and its influence on quality of life, and the 

efficiency of primary care clinics in evaluation of new 
antihypertensive drugs. Blood pressure was normalized 
in 68% of the patients who received | mg or less of 
-bopindolol, and no significant side effects were observed. 
"The mean score of “life satisfaction" was not affected by 
< treatment, although one problem in the study was a 
-dropout rate of approximately 20%. This study design 
-also demonstrated the advantages and disadvantages of 
_ primary care clinics in drug-evaluation studies. 
Welzel et al reported a comparison of the antihyper- 
tensive efficacy and patient tolerance of different daily 
` dosages of bopindolol (0.05, 0.5, 1 or 2 mg) and nifedi- 
= pine (20 mg twice daily) in a randomized, double-blind 
clinical trial. Of 159 patients who completed an 8-week 
dose titration period and a 16-week observation period, 
blood pressure was normalized in 94% of patients on 
bopindolol and in 91% of patients on 20 mg nifedipine 
twice daily. Patient tolerance was good with either drug, 
and only 3 out of 162 patients on bopindolol and 3 out of 
41 patients on nifedipine discontinued because of intoler- 
able side-effects. In the final evaluation of tolerance, 
bopindolol was assessed to be significantly better than 
nifedipine (p «0.05). In 135 elderly patients (255 
years), “quality of life" was assessed by a self-adminis- 
tered questionnaire. An improvement in quality of life 
——. was observed in all treatment groups. The effect of nifed- 
ipine on quality of life was similar to the effect of 1 to 2 
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mg bopindolol. It was concluded that bopindolol and —— 


nifedipine exhibit a similar antihypertensive efficacy and 
a comparable positive influence on quality of life in elder- 


ly patients. However, the tolerance of bopindolol was. 


better in patients of all ages. 

Effect on atherogenic factors: Tamachi et al evalu- 
ated the effect on lipid metabolism in 66 patients with 
mild to moderate essential hypertension randomly allo- 
cated to 16 weeks of treatment with bopindolol or ateno- 
lol. At the end of the treatment period, 61.8% of patients 
in the bopindolol group and 63.3% in the atenolol group 
showed a sufficient reduction in blood pressure. In the 
bopindolol group, there were no changes in serum lipid 
levels throughout the treatment period; however, there 
were transient increases in lecithin: cholesterol acyltrans- 
ferase (LCAT) activity, apolipoprotein (Apo) A C-H 
and total cholesterol/Apo B ratio, and transient de- 
creases in free fatty acid, Apo B and Apo B/Apo A-I 
ratio were observed. In the atenolol group, transient in- 
creases in low-density lipoprotein cholesterol and Apo A- 
I were observed. 

These findings suggest that bopindolol is as effective 
and well tolerated as atenolol for the treatment of hyper- 
tension, and may also even have a desirable effect on lipid 
metabolism. 

Fitscha et al studied the effects of bopindolol on plate- 
let function in 10 male hypertensive patients given | mg 
bopindolol /day for 8 weeks. Bopindolol significantly de- 
creased the bicycle exercise-induced increase in platelet 
aggregation. During bopindolol treatment, both the slope 
and height of the platelet aggregation response curve 
were moderately decreased at rest before exercise and 
significantly decreased at rest after exercise. Further- 
more, bopindolol significantly increased the exercise-in- 
duced decrease in platelet sensitivity to prostacyclin and 
prostaglandin D; (PGD>). Bopindolol also significantly 
decreased the exercise-induced elevation in serum and 
plasma thromboxane (Tx) B;. Platelet count and plasma 
levels of 6-keto-PGF,,, 8-thromboglobulin and platelet 
factor 4 were not affected by bopindolol. ; 

Fitscha et al concluded that bopindolol favorably af- 
fects platelet function in that, at therapeutic doses, it 
lowers exercise-induced platelet aggregation and. TxB» 
formation by increasing platelet sensitivity to antiaggre- 
gatory prostaglandins. Treatment of hypertension with 
an agent that lowers blood pressure and inhibits platelet: 
activation may be a clinically beneficial regimen for hy- 
pertensive patients. S 

Effect on kidney and heart: One of the objectives of - 
antihypertensive therapy is to reverse core organ (brain, 
heart and kidney) abnormalities with the goal of at least 
preserving their blood flow and function: Beta blockers 
have been reported to have different effects on these 





organ functions depending on their degree of ISA and 
cardioselectivity. Noncardioselective B blockers without 
ISA, such as propranolol, may decrease both glomerular 
filtration rate (GFR) and renal blood flow (RBF), 
whereas 8 blockers with ISA, such as pindolol (a precur- 
sor of bopindolol), have no adverse effect on renal func- 
tion. Three reports on renal function were presented in 
this symposium. 

Miyajima et al presented the results of an investiga- 
tion of the long-term effect of bopindolol on renal func- 
tion in the supine and upright positions and its relation to 
humoral factors in 11 patients with essential hyperten- 
sion. Following 24 weeks of bopindolol treatment, GFR 
and RBF were significantly increased in both positions 
and accompanied by a reduction of renal vascular resis- 
tance. The mechanism of renal improvement is explained 
by the ISA of bopindolol and its suppression of renin 
activity. 

Goren et al reported on the chronic effect of bopindo- 
lol on creatinine clearance following normalization of 
blood pressure (diastolic blood pressure «90 mm Hg) in 
15 patients with essential hypertension. Creatinine clear- 
ance was well maintained within the normal range, in- 
creasing from 111 + 8 to 116 + 6 ml/min, with good 
control of blood pressure, which fell from 159 + 7/102 + 
3 to 129 + 7/82 + 2 mm Hg without significant side 
effects. 

Ideura et al attempted to clarify the favorable renal 
influence of bopindolol in hypertensive patients with re- 
noparenchymal disease. The patients’ initial serum creat- 
inine varied from 0.7 to 6.9 mg/dl with a mean value 
of 3.0 mg/dl. In 58% of the patients, blood pressure 
fell from a mean of 180 + 2/100 + 2 to 161 + 8/90 
+ 5mm Hg (p <0.05) following 12 weeks of bopindolol 
treatment. 

Bopindolol had no adverse effect on renal function. 
Serum creatinine changed from 3.0 + 0.6 to 3.3 + 0.8 
mg/dl (not significant); in 3 cases with renal failure it 
was demonstrated that this was not attributable to bopin- 
dolol. Pharmacokinetic studies of oral bopindolol in pa- 
tients with chronic renal failure or in hemodialysis were 
also performed. Although t;;2 was slightly prolonged, it 
was concluded that the normal dosage of bopindolol can 
be safely administered to these patients. 

These observations indicate that the normal dosage of 
bopindolol may have a favorable effect on the kidney in 
patients with various degrees of renal impairment as well 
as in patients with primary kidney disease. 

Clinical and epidemiologic evidence has accumulated 
~ to support the proposition that left ventricular hypertro- 
-phy (LVH) is an independent risk factor for cardiovascu- 
lar morbidity and mortality in hypertensive patients, and 
regression of LVH by pharmacological intervention has 


been extensively investigated for all classes of antihyper- 
tensive agents. However, the results of studies of 8 
blockers are somewhat controversial. : 

Saragoca et al presented the results of a study of the 
cardiac effect of bopindolol in hypertensive patients with 
LVH. Long-term bopindolol treatment resulted in re- 
duction of LV mass from 201 + 21 to 130 + 13 g, with 
an 80% response rate at 9 months. Pump function (ejec- 
tion fraction) was maintained without deterioration fol- 
lowing reversal of LVH. This study indicates that bopin- 
dolol has a favorable effect on cardiac structure and 
function in patients with hypertensive complications. 

Antianginal effect: Beta blockers are one of the 3 
main classes of antianginal agents. In spite of their differ- 
ing pharmacological characteristics, all the various 8 
blockers appear to have similar effects in the relief of 
effort angina. 

Meyer et al compared the antianginal efficacy of 
bopindolol versus that of the calcium antagonist diltia- 
zem in stable angina pectoris. Eight weeks of treatment 
with each drug was evaluated clinically using a patient 
diary of episodes of pain and a treadmill exercise toler- 
ance test. Bopindolol caused a significant reduction in the 
frequency of anginal attacks (reduced by 22/month in 
the bopindolol group vs 1.65 in the diltiazem group; p 
<0.05) and improvement in exercise tolerance (exercise 
time increased by 1.5 min vs 0.66 min; p <0.05), indicat- 
ing that bopindolol was more effective than diltiazem. 

The antianginal efficacy of bopindolol was further 
evaluated in comparison with another 8 blocker, atenolol, 
in 2 double-blind studies. Hertzeanu et al assessed the 
therapeutic efficacy of bopindolol and atenolol on the 
frequency of anginal attacks and exercise tolerance in a 
double-blind randomized trial in 29 patients with stable 
angina pectoris. Clinical and anginal characteristics did 
not differ between the 2 groups. Three months of treat- 
ment with either 8 blocker showed a comparable effect 
on exercise tolerance with no rebound phenomenon; 
however, bopindolol was more effective in the reduction 
of anginal attacks than atenolol (2.45 vs 3.29 attacks). It 
was observed that a stepwise increase of dosage (0.5 to 2 
mg of bopindolol, 50 to 200 mg of atenolol) was not 
associated with an improvement of efficacy of either 
drug. 

Michaelides et al obtained the same results as Hert- 


zeanu et al. They also evaluated the effect of bopindolol _ * 


on exercise capacity in a double-blind study versus ateno- 
lol in 20 patients with stable angina pectoris. They ad- 
ministered a fixed dose of 1 mg bopindolol or 100 mg . 
atenolol for 20 weeks. Exercise tolerance improved simi- 
larly with both drugs in terms of exercise duration, ST-: 
segment change and ischemic threshold. In summary, 
bopindolol may have anti-ischemic efficacy similar to: 
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that of commonly used antianginal agents, in additi 


being effective and safe. Further studies focusing on si- 


dent ischemia are required. 


: CONCLUSION 

The clinical characteristics, efficacy and usefulness of 

-bopindolol in hypertension and angina pectoris were indi- 

cated by most of the studies presented at the symposium. 

-= Bopindolol lowered blood pressure effectively and was 
well tolerated witli fewer or comparable side effects com- 
pared with other antihypertensive agents. Its effects on 
lipid metabolism and platelet aggregation were favor- 
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y able. Bopindolol does not affect renal function. It causes 
regression of hypertensive cardiac hypertrophy. opinado | 


lol is also effective for angina pectoris. — 
Antihypertensive drugs are expected to reduce car- : 
diovascular morbidity and mortality and to reverse ab- 


normalities of core organs, including cardiovascular hy- — 
pertrophy, in addition to the primary aim of lowering — 


blood. pressure. 

Bopindolol thus appears to satisfy the requirements of 
an antihypertensive agent. The results of clinical studies 
of whether bopindolol is able to prevent myocardial in- 
farction will be available in the near future... 
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standing of the pathophysiology of congestive 
m heart failure (CHF) has been the role of the 
... neuroendocrine systems that are activated in heart fail- 
ure. One of the most influential principles to emerge over 
_ the past decade is the fact that compensatory mecha- 
- nisms such as these are initially helpful to the cardiovas- 
- cular system, but they then overshoot and become detri- 
|- mental. Although this is an oversimplistic characteriza- 
tion of what happens during the development of CHF, it 
is one of the most important concepts underlying thera- 
` peutic interventions which benefit the myocardium and 
the circulatory system. This symposium is designed to 
evaluate further the role of neuroendocrine systems, par- 
cularly the catecholamines, in CHF and the potential 
or therapeutic intervention. 
Forfar reviews the overall changes that occur in the 
ipathetic nervous system and the renin-angiotensin 


QO: of the most interesting chapters in our under- 









ü 


.. system in CHF. Stiles details thé complex interactions 
< “that underlie the action and regulation of the receptor- 
adenylate-cyclase systems. Knowledge of the distinct, in- 
..tegral membrane protein components and their interac- 
_ tion has been of great importance in understanding so- 
called up- and down-regulation. It is clear from Stiles's 
~~ elegant discussion that not only is our information base 
continually changing in this area, but also there is an 
opportunity to consider many therapeutic agents that 
-` could intervene at various points in the receptor adeny- 
Jate-cyclase system. Maisch discusses some of the inter- 

'esting non-fj;-receptor cardiac control mechanisms. 
Kupper describes how treatment with drugs such as 
xamoterol, which reduce the activity of the sympathetic 
<: nervous system, can help to break the vicious circle of 
ventricular dysfunction, fluid retention and reflex vaso- 

< constriction. 

<20. Barnett and Lu discuss the interesting concept of par- 
tial agonism. The intriguing possibility that a drug could 
be used to block the harmful effects of excess catechol- 
amine secretion, but at the same time support the circula- 
tion with partial agonism, is discussed. Data with xamo- 
terol, a representative compound with these properties, 
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Introduction 


William W. Parmley, MD 


are reviewed. The fact that xamoterol does not induce. 
down-regulation, suggesting that with this kind of ap- 
proach, responsiveness of the B receptors can be main- 
tained, while at the same time blocking the effects of 
excess catecholamines, is of some interest. 
Oakley describes one of the most difficult aspects of. 
the management of patients with severe CHF (namely, 
the presence of life-threatening ventricular arrhythmias). 
Although the mode of death is sudden in approximately 
40% of patients with heart failure, there are no firm data 
indicating that this adverse outcome can be altered. Some. 
drugs that improve left ventricular function, such as the. 
angiotension-converting enzyme inhibitors, have been 
shown to reduce ventricular premature complexes, al- 
though no therapy has been shown to reduce the inci- 
dence of sudden death. The important dilemma of wheth- 
er to consider antiarrhythmic therapy is faced by the 
clinician each day. Unfortunately, we have no firm data 
at the moment to assure us that this therapy can benefit 
patients. 
Although much attention in this symposium is natu- 
rally focused on the heart and the effects of the catechol- 
amine system, there is a wide variety of peripheral 
changes occurring in CHF that are summarized by 
Drexler and co-workers. It is, in fact, many of these - 
peripheral changes that set the stage for therapeutic in- 
terventions such as afterload reduction. A better under- 
standing of the events occurring in peripheral vessels and 
in skeletal muscle leads to a number of therapeutic inte: 
ventions which may have little or no direct effect on the 
heart. : 
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One of the great challenges t to the clinician has been 
he assessment of the clinical status of patients and their- 


Tesponse to therapeutic interventions. Exercise testing is 
one means of assessing the response of the patient to 
therapeutic interventien. Cohen Solal and Gourgon re- 
view exercise testing as a quantitative measure. They 
conclude that there are problems with using this index of 

nprovement, although it remains one of the more impor- 
tant objective measures. 

. Barnett explores the interesting question of how to 
measure quality of life. It has been known for many years 
that there may be only a tenuous relation between quanti- 
tative measures of ventricular performance and either 
exercise tolerance or quality of life. To most patients, 

Ir provement in their quality of life is a far greater goal 
than any improvement in cardiac output or other hemo- 
dynamic parameters. Although it is difficult to assess 
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- quality of life ina mesclngfil v way, this. area oj 
- will become increasingly important in det rmining the 


outcome of different therapeutic interventions. 
Last, Virk et al review the acute and chronic hem: 
namic effects of xamoterol, a 8; partial agonist, in mild to 
moderate heart failure. These studies suggest that a 
tial agonist can improve cardiac function both at rest ; nc 
during exercise with minimal adverse effects and thus 
a reasonable therapeutic alternative in patients with mik 
to moderate heart failure. The use of this agent is a 
natural extension of the concepts and principles related to 
neuroendocrine activation, as discussed in this sympo- 
sium. Overall, it is clear that as our knowledge expands on 
the importance of the activation of several different hor- 
monal systems, our therapeutic alternatives will increase 
and allow us to modify beneficially hemodynamics, exer 
cise tolerance, and quality and duration of life. 





















Neuroendocrine Activation in — 
Congestive Heart Failure 


J. Colin Forfar, MD, PhD 


_ Several changes in neuroendocrine activity follow 
failure of cardiac function to satisfy peripheral re- 
quire and contribute to the clinical syndromes 
. of heart failure. Afferent pathways are poorly un- 
derstood and triggers are both central and periph- 

-. eral, involving attenuation of atrial and arterial 

_ baroreceptor activity. Efferent sympathetic activity 

. is generally increased with resulting vasoconstric- 
. tion, but responses are organ-specific and differ 


. among heart, kidney, lung and skeletal muscle. 


Changes in cardiac sympathetic activity are inade- 
. quately understood. Enhanced cardiac norepineph- 
- rine spillover contrasts with reduced tissue concen- 
tration and impaired activity of synthetic enzymes 


. and neuronal catecholamine uptake. Beta-receptor 


. down-regulation further complicates overall adre- 

. mergic responsiveness and the balance between en- 
hancement of contractile function and reduction in 
arrhythmia threshold. Activation of the renin-an- 
giotensin system is potentiated by the sympathetic 
. nervous system and may contribute to vasocon- 

` gtrictor hyporesponsiveness. Angiotensin Il may in 


— turn facilitate the central and peripheral effects of 


.. sympathetic activation and the release of vasopres- 
gin from the pituitary. Our understanding of the 
.. role of vasodilator peptides in heart failure remains 
rudimentary. It is likely that vasoconstrictor neuro- 
. endocrine response adversely influences optimal 
-.. cardiac funtion in heart failure and may promote 


.. arrhythmogenesis. The neuroendocrine response in 


individual organs, however, requires intensive 
study. 
(Am J Cardiol 1991;67:3C—5C) 
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tential to trigger a number of neuroendocrine 

mechanisms, presumably intended to preserve 
circulatory homeostasis acutely, but which have the po- - 
tential when applied chronically to promote a clinical 
syndrome readily recognizable as heart failure. In the 
short term, activation of the sympathetic nervous system 
and release of vasoconstrictor peptides may maintain sys- 
temic blood pressure and augment cardiac output. In the E 
longer term, however, endogenous vasoconstrictor neuro- 
hormones increase the loading of the failing heart, and 
may contribute to progression of the underlying disease 
process. The reflexes triggered are similar to those acti 
vated in response to intravascular volume depletion, but 
in heart failure the balance between a potentially benefi- 
cial role with maintenance of blood pressure, cardiac 
contractile function and renal perfusion is weighed less- 
certainly against inappropriate vasoconstriction. Organ 
responses are further complicated by alterations in sensi- 
tivity to a variety of stimuli and changes in transmem- 
brane signaling. These changes may be organ-specific — 
and differ between, e.g., the heart and the kidney. Despite - 
these complexities, some attempt to assess the individual- 
components of this complex physiologic response is âp- 
propriate. 


Re in myocardial performance has the po- 


CIRCULATORY REFLEXES 
Much still remains to be learned about the changes in 
the function of neurocirculatory reflexes in heart failure. 
The proportion of afferent nerve input from the heart, 
great vessels and periphery is unknown. However, it is 
established that atrial and arterial baroreceptor function 
is impaired, resulting in reduced tonic inhibition of sym 
pathetic activity and central release of vasopressin.! ?. 
The mechanism causing impaired baroreceptor con 
trol in heart failure is not yet established. Some work on - 
animals has suggested that baroreceptor control of heart : 
rate remains depressed for several months after reversal | 
of heart failure,4 suggesting structural changes in the 
baroreceptors themselves. On the other hand, recent. 
studies in patients who have undergone heart transplanta- 
tion have suggested that baroreceptor reflex sensitivity 
was similar to normal controls and greater than in pa- 
tients with severe heart failure. i 
In 3 patients in this study, the arterial baroreflex slope : 
could be measured both before and after cardiac trans- 
plantation. In each patient there was a striking increase in- 
the baroreflex slope after transplantation. Recovery 0 
baroreceptor sensitivity occurred as early as 2 weeks after 
transplantation despite concomitant medication, making 
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‘it less likely that the depressed responses resulted from 
_ Structural alterations in the baroreceptors themselves. 


. SYMPATHETIC NERVOUS SYSTEM 
At first sight, generalized activation of the sympathet- 


.. Àe nervous system appears to be a uniform accompani- 


ment of heart failure. We have known for many years 
< that urinary norepinephrine excretion increases progres- 
‘sively with increasing severity of heart failure.‘ 
This increase in excretion is paralleled by elevation of 
.. plasma norepinephrine concentration that correlates di- 
.. rectly with the degree of left ventricular dysfunction, as 
reflected by pulmonary capillary wedge pressures and 
... indexes of systolic contraction." During exercise in pa- 


-< tents with heart failure, plasma catecholamine concen- 


-~ trations increase to a greater extent than in normal sub- 
.. jects? although such a response could reflect reduced 
catecholamine clearance as well as an increase in plasma 
catecholamine spillover. However, this view of general- 


; : - ized neurosympathetic activation is simplistic and fails to 


: .. take into account a number of pathophysiologic phenom- 


. ena operative in heart failure. 


First, there is evidence for regional specificity in blood 
-= flow in heart failure. Skeletal muscle blood flow is re- 
_ duced both at rest and during exercise, whereas coronary 
. . blood flow may not change as a result of the heart failure 
_ State. Renal perfusion can change dramatically during 
. exercise. Recent studies in Oxford!? using isotope renog- 
.  raphy have shown profound reduction in isotope uptake 
_ during exercise in patients with New York Heart Associ- 
ation class III heart failure, almost certainly reflecting 
renal artery vasoconstriction. 
: Second, it has been known for several years that end- 
_ Organ responsiveness to a given catecholamine stimulus 
. may be modified as a result of heart failure. Ventricles 
_ from patients with heart failure show reductions in B- 
_ adrenoceptor density and in agonist-stimulated adenylate 


-Cyclase production and contractile responses.!! It is un- 
_ Certain whether this mechanism for desensitization is a 
.. consequence of augmented efferent cardiac sympathetic 
tone or a primary response of severely diseased heart 


. muscle. In any event, the intrinsic contractile state of 
_ cardiac muscle does not seem to depend on local catechol- 
. amine stores.!? One of the pitfalls of apparent alteration 

_ in sympathetic responsiveness was illustrated recently by 
.. comparison of dose-response curves for heart rate using 

. an intravenous infusion of isoproterenol and epinephrine 
. in patients who had undergone heart transplantation. 
_ Heart rate responses for the denervated (transplanted) 
_ atria and innervated (native) atria were compared within 
_ the same patient. The dose-response curve to epinephrine 

_ was clearly shifted to the left (an increase in organ sensi- 
. tivity) when comparing the denervated and innervated 
. atria. In contrast, no change in dose-response curves be- 
. tween the denervated and innervated atria were shown 
_ for isoproterenol. The investigators explained this differ- 
. ence in terms of a presynaptic effect; the presence of 
- sympathetic nerve terminals in the innervated atria could 
- remove epinephrine through the uptake 1 mechanism, 
. and thus reduce the concentration of epinephrine in the 
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synaptic cleft, whereas no such removal mechanism is — 


operative for isoproterenol. - 


Our understanding of cardiac sympathetic activity in. : * : E 
heart failure is fragmentary. It appears that tissuenorepi- — — 
nephrine concentrations are reduced in experimental —— 


heart failure models and in both atrial and ventricular 
myocardium in a variety of clinical heart failure syn- 


dromes.'* However, studies in humans using radiotracer —— 


kinetic techniques have suggested that cardiac catechol- 


amine spillover from the heart is significantly increased in - E / : 
patients with heart failure at rest,!5 and that thereisa 


further increase in spillover during exercise.!$ Organ- 


specific catecholamine spillover in heart failure varies, —— 


being increased from heart and kidney, but not signifi- 
cantly increased from the lung, the latter organ being a 
major contributor to total catecholamine production. 
These data are difficult to reconcile with evidence that 


neuronal reuptake of norepinephrine may be impaired in | 


heart failure in humans, " and that the activity of tyrosine 


hydroxylase and dopamine hydroxylase may be impaired ~ 4 


in some experimental heart failure models.!*.!? 


RENIN-ANGIOTENSIN SYSTEM 


There is good evidence that the degree of activation of — D 


the renin-angiotensin system depends largely on the clini- 


cal state of the patient. Thus, patients with recent onset of. — 


pulmonary edema or acute or chronic congestive heart. 
failure tend to have higher plasma concentrations of an- 
giotensin II and a higher plasma renin activity than pa- ` 
tients with chronic stable congestive heart failure. Simi-. 


larly, clinical improvement after acute decompensationis 


associated with a reduction in activity of the renin-angio- — 
tensin system despite persistence of severe cardiac dys- 
function. Acute activation of this pathway may follow a 
decrease in systemic blood pressure associated with re 
duced cardiac output. It is likely that the variable status 


of the renin-angiotensin system in congestive heart failure e ) 


is related in part, to heterogeneity of clinical status of the. 
patients studied. 
Drug therapy clearly influences renin-angiotensin ac- - 


tivation. In mild to moderate heart failure, plasma renin 


activity and plasma aldosterone may be normal before 


diuretic treatment, but plasma norepinephrine concen- — 


trations appear to be elevated at an early stage.?! After 
treatment with diuretics, changes in the activity of the 
renin-angiotensin and sympathetic nervous systems have 
been observed with an increase in renin activity and aldo- _ 
sterone concentration, and a decrease in plasma norepi- - 
nephrine. These changes were observed in the presence of 
a substantial increase in exercise duration after diuretic 
treatment. If the increase in renin activity after adminis- 
tration of diuretics acts to limit diuretic-induced increases 
in exercise capacity, it would be logical to consider angio- 
tensin-converting enzyme inhibition as concomitant ther- 


apy with diuretics in the long-term management of = 


chronic heart failure. ; des 

There is the potential for important interactions bė- - 
tween the adrenergic and renin-angiotensin-aldosterone 
systems. Theoretically, this can occur at several levels. 
Efferent sympathetic activity directly releases renin from 























the kidneys, a fy receptor-mediated phenomenon recog- 
_ nized for several years. Additionally, however, presynap- 





- tic interactions may occur. At low concentration, angio- 
tensin II. facilitates norepinephrine release from the 
.. sympathetic nervous terminal by way of presynaptic an- 
.. giotensin II receptors. At a higher concentration, a tyra- 
- mine-like action of angiotensin II may directly promote 
- norepinephrine release. The role of these mechanisms in 
determining regional blood flow in clinical heart failure is 
ncertain. Postsynaptic a adrenoceptors may be sensi- 
zed as a result of activation of postsynaptic angiotensin 
II receptors.?? There is also the possibility of direct atten- 
-uation of baroreceptor sensitivity by angiotensin IL? 

















- OTHER HORMONES 
It is unclear how much the elevation in the concentra- 
tion of vasopressin contributes to elevation in systemic 
vascular resistance in congestive heart failure? Similarly, 
the role of atrial natriuretic peptide as a counter-regula- 
tory system for vasodilation and sodium balance is uncer- 
... tain,"^ as is the role of other vasodilators, including pros- 
. taglandins and bradykinin. 
Tt is likely that complex neuroendocrine interactions 
. with a multifactorial basis underlie the responsiveness of 
. individual organs in heart failure. It is probable that 
important differences exist between heart, lungs, kidneys 
and skeletal muscle. The concept of an overall “average” 
ponse may not be appropriate. 
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| the §-adrenoceptor system on cardiac function in 

_ heart failure. Full agonists and partial agonists act- 
ing on cardiac 5, receptors have been widely inves- 
tigated, as has the density of these receptors in the 
‘failing heart. However, other cardiac control mech- 
_ anisms may play important roles in the normal 

. heart as well as in heart failure. The Frank-Starling 
_ mechanism of enhanced cardiac contraction pro- 
duced by mechanical stretching of the ventricular 
|. myofibrils is well known. When treating patients 
|... with heart failure with diuretics, vasodilators and 
.. ether drugs that influence preload, it is important 
|. to consider their overall effects in relation to the 
-Starling curves. Atrial stretching also produces 
-intensively studied. Reflex release of atrial natri- 

. uretic factor after stimulation of atrial receptors 
has important physiologic effects in heart failure. 
The atria, but not the ventricles, are innervated by 
the vagus; the influence of the parasympathetic 
nervous system on the heart and circulation is often 
.. overlooked. The initial increase in heart rate during 
|. exercise is primarily due to withdrawal of vagal in- 
_. fluence. Besides acetylcholine, the parasympathetic 
_ transmitter, many other local hormones may affect 
...vcardiac function; these include prostaglandins, 5- 
... hydroxytryptamine and histamine. Although the ac- 
__. tivity of the sympathetic nervous system is mediat- 
ed primarily through 5, adrenoceptors, both 62 and 
, > a receptors are also found in the heart. Myocardial 
.. e receptors, which mediate a positive inotropic ef- 
_ fect, have been identified, and prejunctional az re- 
_ ceptors may mediate inhibition of norepinephrine 
_ release from sympathetic nerves. Cardiac 5; recep- 
(tors are believed not to be innervated, but repre- 

. sent hormonal adrenoceptors that are responsive to 

. circulating adrenaline and exogenous stimulation. 
|. The importance of many of these non—,-receptor 
_ cardiac control mechanisms is little known, but fur- 
__ ther pharmacologic work is continuing which may 
.. elucidate their role in both the normal and failing 
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E | = Local Cardiac Responses — Alternative 
> Methods of Control 


Bernhard Maisch, MD 


. Much attention has been paid to the influence of 


tors:heartrate, preload, afterload and contractility. 
In turn, cardiac output, along with heart rate and 
myocardial oxygen consumption, is a major determinant 


Cs output is primarily determined by 4 fac- : 


of normal cardiac function. In patients with heart failure, —— T 
however, compensatory mechanisms that would normally ^. 
correct an acute decrease in cardiac output can produce a Su 
deterioration in cardiac function, leading to a further U 


decrease in cardiac output. D. 

In acute heart failure, a reduction in cardiac output 
can be compensated for by means of the Frank-Straub- 
Starling mechanism, humoral factors and the activity of 


the autonomic nervous system. In chronic heart failure, — 


however, the importance of these adaptive changes di- 


minishes, and humoral and autonomic regulation eventu- 


ally produces structural adaptations such as hypertrophy 
and fibrosis. This accounts for the clinical findings of 
hypertrophy and dilatation seen in patients with ad- 
vanced disease. 

This report will examine the clinical significance of 
the various mechanical, autonomic and endocrine re- 
sponses seen during acute and chronic heart failure. It - 
should be borne in mind, however, that while the interac- 


tions between these responses in humans are complex, — 
attempts to use simpler models present difficulties. Care zu 
must be taken, e.g., in extrapolating data derived from 


experiments with intact animals to the clinical situation. 


Isolated heart muscle and myocytes are free from auto- — 


nomic nervous control and only certain factors can be 
studied in these systems. 


MODULATION OF VAGAL TONE 

An increase in catecholamine concentrations is associ- 
ated with a decreased vagal tone and a consequent in- 
crease in heart rate. A classic instance of this form of 
cardiac control is exercise. 


MECHANICAL RESPONSES 

The Frank-Starling mechanism: The relation be- 
tween ventricular peak systolic pressure and end-diastolic - 
volume is shown in Figure 1. In the normal heart,!? an 
increased diastolic volume produces an increase in force . 
of contraction and stoke volume. In heart failure, how- 
ever, the ventricle dilates and must develop a higher ten- 


sion to produce a given pressure; this results ina reduced. 


dP/dtmax (the maximal rate of pressure rise in the ven- 
tricle) and stroke volume. EE 
The volume-stress relation: The relation between 
wall stress and left ventricular volume in the normal heart 
and during heart failure is shown in Figure 2. In heart 
failure, end-diastolic volume and pressure are higher than 

















































‘normal and, as failure progresses, the ejection fraction 
.. decreases and the residual volume increases. The efficien- 
- cy of contraction thus decreases, leading to a decrease in 
- eardiac output.* Additionally, the afterload on the ventri- 
-. cle may change during ejection itself. When the preload 
. reserve in heart failure is reached, afterload mismatch is 
observed.’ 
.... Effects of stretching: Studies with isolated isometri- 
- cally contracting papillary muscles show that abruptly 
. stretching the muscle leads to a time-dependent increase 
-in contractile force accompanied by a slow relaxation 
- with another time constant," which does not depend on 
. exogenous hormonal stimulation (Fig. 3). It has been 
partly explained by viscoelastic changes and relative pro- 
.... longation of the action potential," but may also reflect a 
-< release of endogenous tissue hormones. Histologic studies 
-show dense granules in the atrium’; these were originally 
-believed to contain catecholamines, but are now known to 
. contain atrial natriuretic peptide (ANP).5-!! The effects 
of ANP tend to interrupt the “vicious circle" of heart 
- failure, in which activation of the sympathetic nervous 
system and the renin-angiotensin system produces reflex 
<- venoconstriction and water retention which increase pre- 
.. load and afterload, leading to a further deterioration in 
. ventricular function. ANP has a mild diuretic effect and 
|. reverses the venoconstriction produced by the sympathet- 
-iç nervous system and by vasopressin. Infusion of ANP in 
healthy subjects has little effect on heart rate, while mean 
irterial pressure, cardiac index and pulmonary wedge 
ressure may be slightly but significantly reduced"? (Fig. 
... 4). In patients with congestive heart failure, there is a 
-< more marked change in pulmonary wedge pressure anda 
. slight decrease in mean arterial pressure (Fig. 5).? 
"This leads to an increased cardiac output that is not seen 
^in healthy subjects. 
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Wall stress 


Efficiency >85% 


isometric relaxation 
isometric contraction 











Diastole 





Left ventricular volume . ; 


| permission from Eur Heart J.*) 


represents data from isolated heart muscle preparations. HF= 
heart failure 


LOCAL HORMONES l 


at a adrenoceptors activate phospholipase C, which con- : 
verts phosphatidylinositol 4,5-biphosphate to inositol, 
1,4,5-triphosphate (ISP ) and diacylglycerol. ISP; then - 
causes the release of intracellular calcium, which leads to 
increased contractility. This effect is mediated by post- 
synaptically located adrenoceptors of the a, type.'* The 
positive inotropic response develops relatively slowly 


Wall stress 


FIGURE 2. Relation between wall stress and left ventricular volume in the normal heart and during heart failure. (Reprinted with 
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‘Stretched SL = 20% ^ 
Initial force 


Minimal force 





Maximal force 








Initial force ~ AL = 20% 





Maximal force 





— tp min — 


Minimal force 


df/dt Ey 
Released 25°C 05 HZ 


Early phase 


Late phase 


increase in force after stretching of isolated feline papillary muscle 
the papillary muscle by 20% of its initial length (L = 20%), 
_ ter t min, which corresponds to 7 to 10 contractions and a minimal force is observed. 


passed, isometric contraction 


“within minutes and is accompanied by an increase rather 
than a decrease in the duration of contraction when com- 
pared with the 8-adrenergic response.!^!5 The antihyper- 


.. tensive drug clonidine has a vasoconstrictor effect medi- 


. ated by postsynaptic o; receptors in the peripheral vascu- 
_ lature; its antihypertensive effect is due to an action on 
. control o receptors in the medulla oblongata, which leads 


. to a reduced cardiovascular drive. 


v Histamine: In humans, only H; receptors are identifi- 
. able; their stimulation leads to intracellular uptake of 


. calcium and enhanced contractility.'é Einstein et al!’ 


-.. Studied the effects of histamine in the innervated or de- 
nervated canine heart. When blood pressure was kept 
constant, histamine caused a decrease in heart rate in the 
ated heart only. In the denervated heart and in 

ated cultured heart cell preparations, histamine in- 
eases the beating frequency by increasing verapamil- 

. Sensitive sodium influx. Both the inotropic and chronotro- 


pic effects are supposedly mediated by H» receptors cou- 
pled to adenylate cyclase.'* The major effect was on 


_ contractility; contractile force increased to a greater ex- 
. tent in the denervated than in the innervated heart. A 
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long-acting analog of histamine, impromadine, has a sim- 
ilar effect on heart rate and contractile force.!? H» antag- 
onists, such as cimetidine, exert the opposite effect by. 
inhibition of the verapamil sensitive Na* influx which | 
was initially enhanced by histamine. x e 
S-Hydroxytryptamine: 5-Hydroxytryptamine (5: 
HT) can produce vasoconstriction in coronary arteries, 
This effect may interact with the effect of thromboxan 
A» also derived from aggregated platelets, and may : 
facilitated by catecholamines and angiotensin II. The 5- - 


HT; antagonist ketanserin produces an increased stroke : E 


volume, but also decreases heart rate, so cardiac output 
decreases slightly. nr 


PURINOCEPTORS m c 
Purinoceptors are classified into P; and P; subcl 
on the basis of available selective antagonists and 


nists.” The P, purinoceptor is characterized by the an- 


tagonists theophylline, caffeine and 8-phenyltheophyl- — 


. line, which antagonize the decrease in force caused by 
Stimulation of the P; purinoceptor, thus exerting a posi- 


tive inotropic and also a positive chronotropic effect. P, — 
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: purinoceptors are activated by the direct agonist adeno- 


sine, which decreases contractile force and sinoatrial 
pacemaker activity, and may induce vasoconstriction of 
renal arteries and coronary vasodilation. Dipyridamole 
may potentiate several cardiac effects of adenosine by an 
. extracellular accumulation of adenosine and inhibition of 
adenosine diffusion. It also inhibits the activity of the 
_ intracellular enzyme adenosine deaminase in higher con- 
centrations. It is used clinically to assess coronary blood 
flow and coronary reserve. 


CARDIAC PROSTAGLANDINS 

Cardiac prostaglandins (PGs) produce a variety of 
complex effects on cardiac tissue. They depend on the 
_type of PG, the dose used and the animal species in which 
the experiments are performed.?! In vivo experiments 
. demonstrated that PGE, and PGE, may increase con- 
tractile force in humans and may induce tachycardia, 
whereas PGF, had no effect on contractile force when 
injected into the coronary artery of the mammalian ca- 
nine heart. In humans, an increase in blood pressure and a 
decrease in heart rate were observed. These diverse ef- 
fects were considered to be of reflex origin. After in vivo 
and in vitro studies, there still remains uncertainty re- 
garding the role of endogenous prostaglandins in regulat- 
ing or modulating cardiac function.?! 


CONCLUSIONS 

. The contribution of 8 adrenoceptors and classic me- 
chanical responses, such as the Frank-Straub-Starling 
elation, to the control of the heart have been extensively 
udied. Other factors such as ANP and local hormones 
are less well understood; the interactions between these 
are often complex and need further investigation. 
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Panel Discussion 


Dr. Groebecker (Federal Republic of Germany): 
With regard to the distribution of 8, and {2 receptors, 
which of the 8 receptor populations is primarily down- 
regulated by the enhanced release of norepinephrine and 
epinephrine? 

i Dr. Maisch (Marburg, Federal Republic of Germa- 

ny): There is good evidence that 6, receptors are down- 
- regulated more than the 8 receptor population, but that 
«vis usually in the end stages of heart failure. Most work has 


been conducted on transplanted hearts, using the end- 


-. stage heart failure model. 

u Dr. Camerini (Italy): What is the role of vasodilating 
. agents in congestive heart failure? It is said that admin- 
_ istration of anti-inflammatory nonsteroidal drugs 
(NSAIDs) to patients with heart failure may result in 
'" deterioration of these patients due to their action on pros- 
- tacyclin. 

; Dr. Forfar (Oxford, United Kingdom): I think most of 
that information is anecdotal but there is a good basis, 
-. particularly in the kidney, for a deleterious effect, and 
B ‘particularly a deleterious interaction between the vaso- 


.. constrictor hormones and the local renal regulatory re- 


lease of the prostaglandin E series, and also perhaps pros- 
cyclin. As far as the heart is concerned, our knowledge 
of these interactions is so rudimentary that it is very 
-< difficult to get a composite picture of the interplay among 
these factors. We have heard about the presynaptic re- 
ceptor agonists and antagonists that may potentially in- 
teract, but this is only the tip of the iceberg; up to 15 or 20 
different peptides and autocoids may be playing a regula- 

tory role. Our understanding is too rudimentary to ana- 
`; lyze the individual effects. 

pr. Maisch: Research on the kidney provides evidence 
that prostacyclin may deleteriously affect myocardial 
function. In my patients I have not seen a deleterious 
effect of nonsteroidal drugs or of steroids. On the con- 
trary, a proportion of patients have benefited following 
administration of NSAIDs or steroids. From a clinical 

point of view the importance of the genetic component 


::.- involved in this form of heart disease has to be considered. 


- If inflammation occurred in patients with secondary 
heart muscle disease, I would not hesitate to use anti- 
inflammatory drugs, despite the possible negative effect 
that has been alluded to, but if there is little inflammation 
_ T would consider their use carefully. 

Dr. Parmley (San Francisco, California): It has been 
pointed out that there is an interaction between the angio- 
tensin-converting enzyme (ACE) inhibitors, particularly 
captopril, and nonsteroidal anti-inflammatory drugs. 


D Part of its action may be via prostaglandin production at 
... least in cases of hypertension and perhaps also in conges- 


- . tive heart failure. Some NSAIDs may in fact attenuate 


a the effects of captopril as an ACE inhibitor. 


Speaker: Your results confirming an increase in plas- 


ma renin activity (PRA) in the symptomatic group of- 


patients treated with diuretics are not particularly aston- 
ishing. Can you speculate why this was not the case in the- 
asymptomatic group of patients? One would expect PRA 
to rise with or without diuretics. 

Dr. Benedict (Galveston, Texas): I would like to pref- 
ace my comments by saying that they are speculative. My 
only explanation for the fact that we did not find a rise in 
the renin-angiotensin mechanism in asymptomatic pa- 
tients, at which we were surprised, is that our prevention 
trial patients were not on any treatment even though they 
had ventricular dysfunction. If all the changes in the 
renin-angiotensin system as measured by an increase in. 
PRA were indeed related to the use of diuretics, then we 
would not find a change. An important qualifier is that 
the data presented are one-time measurements taken at 
the time of enrollment of these patients. The study is still 
being conducted and we are performing serial measure- 
ments on these patients to determine whether PRA in- 
creases as time progresses, even though they may not be 
receiving diuretics. 

Dr. Jestdal (Norway): In your experiments venous 
blood samples were used for analysis. Therefore the ef- 
fects of local release from the forearm muscles and subcu- 
taneous tissues were being studied. I would recommend 
the use of arterial blood specimens for these studies. 

Dr. Benedict: I agree that the measurement of arterial. 
values is very important. However, I would like to point. 
out that arterial blood samples are far more important for. 
the assessment of sympathetic nervous system function, 
but may not be that important for measurement of PRA. 
What has to be kept in mind is that when a study involves 
6,500 patients it is difficult to take arterial measurements 
in all the subjects; therefore, for practicality and conve- 
nience, we have continued to use venous measurements in 
this study. 

Dr. Forfar: Arterial blood sampling presents problems 
because it reflects predominantly what has occurred in 
the lungs, and the lungs are a major source of catechol- 
amine spillover. Therefore, I do not think there is any- 
ideal place for sampling for this sort of study involving - 
large numbers of patients. 2 

Speaker: You mentioned briefly the afferent limb in. 
the baroreceptor reflexes. Would you elaborate on this 
and say something about your personal point of view 
regarding the significance of this baroreceptor in the pa- 
tient with heart failure? a 

Dr. Forfar: We are probably at the threshold of an. 
explosion of interest and understanding of just what these _ 
changes in baroreceptor activity may mean. I think that 
recent data suggesting that the changes may be reversible 
relatively quickly are interesting, and I think that has 
very important implications regarding what we believe to 
be actually occurring within the baroreceptor system; is it 
a degeneration or a functional adaptation of the barore- 
ceptors? I think that the fact that the baroreceptors seem _ 
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_ to recover fairly quickly implies that there is not a major 
_ structural change. In relation to the significance or per- 
... haps the prognostic significance of this, one has to keep an 
open mind. Data from Rivero and Schwarz suggest that it 
|. may be important. Flat baroreceptor responses are dis- 
__ turbing prognostically, and one of the problems for which 
... We do not have adequate answers is predicting prognosis 
. in heart failure and predicting those patients who are 
going to die suddenly in an unexpected way unrelated to 
_ pump failure. I think it is one of many areas that need to 
- be intensively studied. 
Dr. Hori (Japan): In relation to the previous question 
. to Dr. Forfar, I would like to know his opinion about the 
actual mechanism of impairment of the sensitivity of the 
. baroreceptor in early heart failure. It is known that digi- 
. talis, an adenosine triphosphatase inhibitor, may restore 
_ the sensitivity of the baroreceptors. Do you have any 
explanation, or even a speculative mechanism explaining 
. the real cause of the impaired sensitivity of barorecep- 
tors? 
Dr. Forfar: No, and I am not sure that speculating on 
.. mechanisms of desensitization is particularly helpful at 
. this stage of our understanding. It is more important that 
_ we work out the time course, the speed of change of any 
... adaptation and the speed of reversal of these changes. It 
may be possible pharmacologically to reverse stunned 
baroreceptors. I do not, as yet, have a clear concept of 
what is actually occurring at the level of the receptor. I 
` think we must await further information in order to un- 
derstand this; however, I do not think that it is a degener- 
vation of the receptor. I doubt this because I think it is 
incompatible with the data suggesting fairly quick rever- 
-sal of reflex function following, for example, cardiac 
: transplantation. 
a Dr. Parmley: It is known that patients’ symptoms 
_. frequently have little relationship to ejection fraction. 
_ Therefore in your symptomatic and asymptomatic pa- 
_ tients, Dr. Benedict, a tremendous overlap in terms of 
< ejection fractions could probably be found. If you looked 
at symptomatic patients with the same ejection fractions, 
... did you find the same thing in the treatment group as in 
_ the placebo-treated group? In other words, is there 
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anything in relation to symptoms that reflects the. ue. 
treatment? ; 


Dr. Benedict: That is a very good question, but as it 
stands now the study is ongoing and the codes for placebo 
and treatment groups have not been broken. Therefore, - 
we do not know which patients inthetrialareactuallyin —— 
the placebo group or receiving the drug. The data pre- — 
sented are the entry data when the patients wereaboutto — — 
be randomized. From the entry criteria, we only detected. — — 
a small correlation between ejection fraction measure- - 
ments and the various neurohumoral parameters. 

Dr. Barnett (Leicester, United Kingdom): In a study — 
comparing placebo, captopril and frusemide, in postin- 
farction patients who had dilated ventricles but we 
asymptomatic, there was a suggestion that after a ye; 
those on frusemide and placebo had an increasé in ven 
tricular size and those on captopril did not. It would tend 
to indicate that, even though an effect on renin activity in - 
the development of this sort of asymptomatic group can- . 
not be measured, captopril was having an effect. Are you _ 
familiar with that particular study? DEP 

Dr. Benedict: If | am not mistaken, those data were. 
presented by Mark Pfeffer's group from Brigham.! The 
basis of that study is now the SAVE study that I men- 
tioned which is ongoing in the United States and is lok- . 
ing at the efficacy of ACE inhibitors on preventing ven- - 
tricular dilatation in postmyocardial infarction patients. 
Our study does not involve patients following acute myo- . 
cardial infarction; in fact, we wait for a 30-day period or i 
longer before the patients are enrolled. How the findings 
from that study pertain to these findings are not known, 
specifically because our patients, at least in the treatment 
group, are on multiple drug therapy including digitalis 
diuretics and nitrates. What is clear is that at least in the — 
prevention trial where the patients are not on any drug s 
therapy, we do not see a change in PRA. How that will 
now relate to alteration in left ventricular function and - 
onset of symptoms remains to be seen. 
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Adrenergic Receptor Responsiveness and 
Congestive Heart Failure 


Gary L. Stiles, MD 


Pie Sc a Sea et Se A ISO E PEUNDE 
<: Our knowledge and understanding of the structure, 
. mechanism of action and regulation of receptor- 
,. adenylate cyclase systems have increased dramati- 
.. cally in the last few years. A family of receptors 
.. (including the B-adrenergic receptors) and guanine 
_ nucleotide regulatory proteins (G proteins) have 
are beginning to provide insight into how the vari- 
|. eus components of the transmembrane signaling 
|. apparatus interact to promote alterations in the ac- 
tivity of the effector systems. Much effort has been 
_ devoted to understanding how various pathophysio- 
.-. logic conditions, such as ischemia or congestive 
... heart failure, and the therapeutic methods used to 
treat such conditions perturb or regulate receptor 
systems. It has become abundantly clear that such 
regulation does occur but is not restricted to simple 
alterations in receptor number, and may well in- 
volve covalent modification (phosphorylation) of re- 
ceptors or alteration in the ability of receptors to 
interact with G proteins. In addition, regulation of 
the quantity or functionality of the various G pro- 
.. teins and the catalytic unit of adenylate cyclase it- 
self appear to occur. For example, recent evidence 
/. suggests that congestive heart failure in humans is 
. associated with a decreased number of 5-adrener- 

. gic receptors as well as an increased quantity of 
-the inhibitory G protein (G;). These alterations may 
.. provide important insight into how to develop new 
therapeutic methods. Mechanisms generally re- 
‘sponsible for transmembrane signaling, how the 

components are regulated by pathophysiologic con- 
ditions, and drugs used to treat disease states are 
: discussed in detail. 
2n (Am J Cardiol 1991;67:13C-17C) 










| From Duke University Medical Center, Durham, North Carolina. 
iu 00 Address for reprints: Gary L. Stiles, MD, Box 3444, Duke Universi- 
ty Medical Center, Durham, North Carolina 27710. : 


- gic receptor or the «,-adenosine receptor, which recog- - 


regulate physiologic processes as a consequence 
of their ability to interact with specific membrane- 
bound receptors such as the a/8-adrenergic receptors.! 
After the binding of agonists, such as epinephrine or 
norepinephrine, to f receptors, a series of protein inter- 
actions ensue that result in an increase in the concentra- 
tion of intracellular cyclic adenosine monophosphate 
(cAMP). cAMP is known to be the second messenger for 
most of the 8 receptor-mediated actions. The study of 
transmembrane signaling systems in general has attract- 
ed wide attention on account of their central role in mod- 
ulating cellular function in all systems studied to date. 
Beta-adrenergic receptor systems have attracted the most 
attention for several reasons. First, these receptors are 
present in all cells studied. Second, the coupling of these 
receptors to their effector system (adenylate cyclase) is 
well established and much is known concerning the com- 
ponents of the system, thus permitting detailed studies of- 
mechanisms involved in this coupling. Third, the activa- 
tion or inhibition of 8 receptors by endogenous catechol- 
amines or therapeutically administered drugs has obvious 
and important clinical relevance to a wide range of hu- 
man diseases such as congestive heart failure (CHF), — 
ischemic heart disease and hypertension. Therefore, it- 
would be of benefit to understand the mechanisms by | 
which agonists promote the transmembrane signal that 
results in changes in cAMP and cellular metabolism. _ 
Similarly, it is of critical importance to understand how : 
chronic activation of receptors by elevated concentrations- 
of endogenous catecholamines such as occurs in CHF or. 
consequent to administered agonists can regulate the 
various components and interactions of the components _ 
of hormone-sensitive adenylate cyclase systems.!-? Only _ 
through a thorough understanding of the different mech- 
anisms by which transmembrane signaling systems func- _ 
tion and the ways in which they are regulated can logical 
therapeutic methods be elucidated. MS 
The aim of this brief review is to enumerate the com- 
ponents of hormone-sensitive adenylate cyclase systems, | 
to describe how transmembrane signaling occurs and ad 
dress the question of what happens to these systems under - 
conditions of high catecholamine drive. : 


T= endogenous catecholamines are known to 


COMPONENTS OF HORMONE-SENSITIVE 
ADENYLATE CYCLASE SYSTEMS ev 

Adenylate cyclase systems are composed of at least 3 
distinct integral membrane protein components (Fig. 1). 
The first comprises the receptors, such as the -adrener 
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Membrane 


converted to cyclic adenosine monophosphate (cAMP) where it can then activate. 


nize and bind their appropriate agonist ligand and then 
^. interact with the second components of the system—the 
-guanine nucleotide-binding protein-stimulatory G pro- 
tein (G,) and inhibitory G protein (G;), respectively. The 
. G proteins represent an increasingly large family of cou- 
pling proteins that activate or inhibit the activity of a wide 


. . range of effector systems, such as adenylate cyclase, 


|»... phosphoinositol metabolism, phosphodiesterases and K+ 
_ channels. The third component of the system of interest is 
the enzyme adenylate cyclase. Recent studies suggest 
that the catalytic moiety of adenylate cyclase is a trans- 


... membrane protein, which in addition to being able to 


catalyze the conversion of adenosine triphosphate to 
CAMP, may also be able to act as an ion channel or 
_ transporter system. There are now known to be multiple 
_ forms of both G, and G; in cells, but the functional impor- 


|. tance of these various isoforms or alternate splices re- 
mains largely unknown.*? 


There are striking structural similarities among all the 

G proteins. They are all heterotrimeric in nature, having 
-. Single o subunits with molecular weights ranging from 
39,000 to 53,000, 8 subunits of molecular weight 35,000 
_ to 36,000 and a y subunit of molecular weight, approxi- 
-mately 8,000 to 10,000. G protein specificity in terms of 
||" feceptor interactions and possibly effector interactions 
resides in the o subunit because the By subunit appears 


E . relatively interchangeable among the various o subunits.‘ 
There are exceptions to this generalization but those de- 


- : tails are beyond the scope of this review. 
.... The o subunit contains the guanosine triphosphate- 
.. binding site as well as the intrinsic guanosine triphospha- 


- „tase activity that is responsible for deactivating the gua- 
nosine-liganded phosphate a subunit by promoting the - 
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hydrolysis of guanosine triphosphate to guanosine di- 
phosphate.* The subunits are also the substrates for the 
various toxin-catalyzed adenosine diphosphate ribosyla- 
tion reactions that occur. The various domains of the a 
subunit are now beginning to be studied in detail. 


RECEPTOR-EFFECTOR 

ACTIVATION PATHWAYS 
Adenylate cyclase systems in the heart, as in other 

tissues, are vectorial in that the amount of cAMP gener- 

ated is related to a number of factors, including the rela- 

tive activity of G, (as activated by stimulatory receptors) 

and G; (activated by inhibitory receptors), the quantity 


and functionality of the catalytic unit of adenylate ey f 


clase, and the relative activity of specific phosphodiester- 
ases that are acting to degrade cAMP. This makes at- 
tempts to implicate either qualitative or functional alter- 

ations of any one component of the system, assessed in - 
vitro, as the cause of altered sensitivity or functionality, in — 


vivo, fraught with danger. This is particularly relevant _ 


when it is remembered that receptor systems are amplifi- 
cation systems, in which one receptor can activate multi- - 
ple G, proteins which in turn activate the catalytic unit to 
convert more than one molecule of adenosine triphos- 
phate to CAMP. In addition, there are a number of recep- 
tors in the heart that activate G, and subsequently in- 


crease CAMP concentration, including 8receptors,gluca- — 


gon receptors and vasoactive intestinal protein receptors. 
Similarly, there are a number of receptors that activate _ 
G; and thus decrease adenylate cyclase activity, including © 
muscarinic receptors and A,-adenosine receptors.’ Thus, 
even if a change in catecholamine-mediated myocardial 
contractility were consequent to alterations in myocardial 














TABLE! Modes of Regulation 


Changes in receptor number 

Covalent alterations in receptor 

Changes in receptor G protein coupling 
Changes in G protein quantity 

Changes in G protein functionality 

Changes in G protein — catalytic unit interaction 
Alterations in catalytic unit activity 








_ cAMP concentrations in CHF, it could still be conse- 

~ quent to alterations in any of these described components 
-. of the system. Thus, if the overall aim is to understand the 
mechanisms involved in altered transmembrane signaling 
- in CHF, each of the various components (receptors, G 
proteins, catalytic unit) must be studied individually and 
together. 


|... The biochemical mechanisms and interactions of the 
< various components required to activate or inhibit adeny- 


- late cyclase have been described in detail elsewhere! ^* 


. anda detailed description will not be provided here. Only 


.. those aspects that are pertinent to the current discussion 
will be delineated in detail. 


| POTENTIAL MECHANISMS 
FOR ALTERATIONS IN 
.. TRANSMEMBRANE SIGNALING 
Investigations over the past 10 years or so have dem- 
-onstrated that each of the components of hormone-sensi- 
.. tive adenylate cyclase systems can be altered either quan- 
~~ titatively or functionally, or both, in a variety of different 
model systems.'? Not all changes are seen in any one 
system, and information concerning transmembrane sig- 
naling systems in ventricular myocardial tissue has only 
_ slowly been elucidated because of a variety of technical 
difficulties in working with myocardium and tissue acqui- 
-sition problems. Table I lists examples of modes of regu- 
lation that have been described, although not all these 
changes have so far been described in the heart. Alter- 
ations in receptor number, e.g., are not limited to the 
stimulatory 6 receptor but can also involve changes in 
inhibitory receptors, such as the A;-adenosine receptor or 
the muscarinic receptor? Similarly, changes in G pro- 
teins can involve alterations in G,, Gi, or both of these 
proteins, in selected model systems. Table II lists some 
examples of particular modes of regulation described in 
the published reports.? 
Recent studies have documented that a number of 
- changes occur in the adenylate cyclase system in the heart 
when CHF is present.!9-!? These include decreases in the 
number of &-adrenergic receptors and uncoupling of 8- 
adrenergic receptors from G,, i.e., less effective activation 
of G, for a given agonist stimulation and consequently a 
decrease in adenylate cyclase activity for a given cate- 
cholamine stimulation. Finally, and most recently, it has 
been demonstrated by 2 independent groups that the 
- quantity of the inhibitory G protein Gj is increased in 
. myocardial tissue from patients with CHF.!.? 
All of these alterations could help explain the de- 
creased sensitivity of the heart to catecholamines in CHF. 


TABLE H Examples of Particular Modes of Regulation 





Parameter Pathophysiologic Condition: * 












Receptor number ischemia, desensitization, 


congestive heart failure... 
Receptor structure Desensitization M 
Receptor-G protein Desensitization, congestive 1 
coupling heart failure : 
G protein quantity Congestive heart failure, 
desensitization 
G protein functionality Desensitization 





































However, it should be pointed out that a causal relation 
between these alterations and the decreased contractile 
response in the heart has not been documented. 
Because the model that might most accurately de- 
scribe the B-receptor system in the heart during CHF is - 
catecholamine desensitization, a description of what is - 
now known in chronic heart failure will be discussed in 
light of what is known to occur in other B-receptor sys- 
tems after chronic agonist exposure. This is obviously an 
oversimplication because CHF and myocardial contrac- 
tile insufficiency constitute a multifactorial process. 
The first general assumption is that the hormone- 
sensitive adenylate cyclase system of the heart in CHF is 
less responsive to catecholamine stimulation in terms of 
cAMP generation. However, not all stimulatory agonists, 
such as histamine, demonstrate such a subsensitivity.? > 
Many lines of evidence now suggest that subsensitivity to 
catecholamines does occur. This pattern of altered sensi- 
tivity to catecholamines is suggestive of a homologous 
type of desensitization. However, other data concerning 
the transmembrane signaling apparatus in CHF (i.e. 
increased G; protein) would not fit this pattern of desensi- 
tization. Therefore, it is worthwhile describing the 2 types 
of desensitization generally recognized. 
Agonist-specific or homologous desensitization is usu- 
ally defined as a decrease in adenylate cyclase responsive- - 
ness to a single agonist after chronic exposure to that . 
agonist. In contrast, heterologous desensitization occurs - 
when the responsiveness of a number of receptor-mediat- 
ed agonists or nonreceptor activators of adenylate cy- 
clase, such as guanosine triphosphate or sodium fluoride, 
are decreased after exposure to a single agonist.'? How- 
ever, these 2 processes may not be mutually exclusive, 
and heterologous desensitization can occur in addition to 
homologous desensitization, particularly if agonist expo- 
sure is prolonged.? This makes analysis of a system diffi- 
cult unless one can control the external environment of 
cells, which obviously cannot be achieved in patients with 
CHF. ee 
Homologous desensitization: There are several likely _ 
steps in the process of homologous desensitization that all 
appear to be receptor-specific in nature. The first phase. 
appears to be a rapid uncoupling of the receptor from 
activation of adenylate cyclase. This process occurs rapid- 
ly (in minutes) in the model systems studied. The second _ 
phase is a rapid sequestration of the receptor away from 
the cell surface into a “compartment” that is less accessi 
ble to hydrophilic radioligands. These receptors can be 
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: | What role does 8-adrenergic receptor kinase play? 

















.. | TABLE IM Human Congestive Heart Failure 
“1: What do we not know? 
Are any of the described phenomena of receptor mechanisms 


important or are they epiphenomena? 
Are the receptors covalently modified? 





1 ts the catalytic unit modified quantitatively or qualitatively? 
Are increased G, proteins important? 
is the inhibitory side of the adenylate cyclase system enhanced? 
(increased sensitivity to adenosine) 


| detected through the use of hydrophobic antagonist li- 
|... gands. The third phase is true down-regulation in which 
receptor number is truly decreased in the cell. Under 


these circumstances receptors cannot be detected with 


any radioligands. This phase of regulation is associated 


_ with a more prolonged exposure to agonists than either of 


v the first 2 phases. Recent evidence links the phosphoryla- 


tion of the 6-adrenergic receptor with the process of de- 


| . sensitization although a true causal relation has not yet 


been proved? 
-A major step forward in elucidating potential mecha- 


: D nisms involved in homologous desensitization was the 


discovery and characterization of a new receptor-specific 


ue kinase by Benovic et al.!^!5 This kinase has been called 


== the f-adrenergic receptor kinase, although it is now 
. . known that it can phosphorylate other integral mem- 
` brane receptors. This kinase is different and distinct from 
other kinases, such as the cAMP-dependent protein ki- 
nase or protein kinase C. The most interesting property of 
B-adrenergic receptor kinase is that it preferentially phos- 
`=: phorylates the agonist-occupied receptor rather than an 

antagonist or unoccupied receptor. This raises the pros- 


ce pect that in vivo phosphorylation of the agonist-occupied 


receptor may play a direct role in the desensitization 
process. There is compelling circumstantial evidence that 
this may be the case. First, the phosphorylated receptor 
under the appropriate in vitro conditions displays an 80% 
decrease in its ability to interact with G, (uncoupled). 
Second, the time course for phosphorylation of the 6- 
. . adrenergic receptor in intact cells parallels the time 
course of desensitization.? Third, G-adrenergic receptor 
kinase displays wide tissue distribution. Finally, the se- 
‘questration of phosphorylated receptors into the cell is 


«Subsequently associated with their dephosphorylation 
-~ _ and recycling back to the cell membrane. 


55550. Further studies are needed to document a cause and 
.. effect relation between phosphorylation and desensitiza- 
. tion. In addition, homologous desensitization is not 

.. thought to be a cAMP-mediated event, i.e., elevated con- 
centrations of cAMP without receptor activation and 
consequent increased protein kinase A activity do not 

“mimic catecholamine-induced desensitization. 

-> Heterologous desensitization: In contrast, heterolo- 

_ gous desensitization may involve multiple pathways that 


_ involve both receptor protein changes as well as alter- 


.. ations in the other components of the adenylate cyclase 
- Systems. This form of desensitization usually results from 
a more prolonged exposure to agonists and the process 
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proceeds at a slower rate. In contrast to homologous 
desensitization, heterologous desensitization can be di- 


rectly induced by increases in cAMP concentrations in — 


some systems.? Thus, administration of stable analogs of 
cAMP to cells can totally mimic the phenomenon of 
catecholamine-induced desensitization in some model 
systems. This suggests that activation of protein kinase A. 
may be a mediator of some forms of desensitization, — 
Various studies have documented modifications of each - 
of the components of the hormone-sensitive adenylate 
cyclase system in various models of heterologous desensi- 

tization. Beta-receptor phosphorylation has been demon- 

strated to occur in intact cells after agonist exposure or by 


direct phosphorylation of the purified receptor by both 
protein kinase A and protein kinase C, singly or in combi- 


nation. The direct role of these phosphorylations in the - 
desensitization process remains to be elucidated. i 
Modifications of G proteins: Modifications of the G 


proteins both in terms of quantity and functionality have 


been described in various forms of desensitization.^? A 


growing number of studies suggest that the quantityofG, — 
and G; can be altered by chronic agonist activation of. oe 
either stimulatory and inhibitory receptor systems cou- n. 
pled to adenylate cyclase.)? The mechanisms responsible — 
for this type of regulation need to be elucidated. Thus, — 


alterations in the relative stoichiometry of G, to G; could 
account for the process of desensitization. Adenylate cy- 
clase could become less sensitive to catecholamine stimu- 
lation either by decreasing G, or by increasing G;. Both 


phenomena have been described in various cell models.39 ^ 


Although G; has been phosphorylated in vitro, there is 


no evidence that phosphorylation of G, or G; plays a a 
physiologic role in regulating adenylate cyclase sys 


tems.23 QUU 
Unresolved areas: There is very little information on 


whether the final component of the adenylate cyclase — : 
system is regulated in the desensitization process. It — 
would not be surprising if it were, because heterologous __ ae 
desensitization often demonstrates a diffuse loss of re- — 


sponse to stimulatory agents. No tools have been de- 2 
scribed to quantify the catalytic unit precisely, so it is 


unknown whether it is modulated quantitatively. Protein — 
kinase A can phosphorylate the purified catalytic sub- 


unit, but whether this process occurs in vivo or isa method - 
of regulation in vivo is unknown? 


From this brief review of the modes of regulation that o 
can occur during the desensitization process, it is clear — 
that much remains to be learned concerning potential ze 
mechanisms involved in the subsensitivity of the heartto — 


catecholamines. What then are the areas that remain 
unknown in the 8-adrenergic receptor-adenylate cyclase 
system in the heart in CHF? Some of these are listed in 
Table HI. Are any of the changes so far observed in the 8- 
adrenergic receptor adenylate cyclase system of the heart - 
important mechanisms in the suppressed contractility or 
are they an epiphenomenon? Although it makes intuitive 
sense that they are important, many other factors must 
also be important. To the extent that this transmembrane 
signaling system is important or causal, what then re- 
mains to be learned includes whether the remaining p- 

































adrenergic receptors in the membrane are covalently 
_ modified and whether 3-adrenergic receptor kinase plays 
-a significant role in the process of desensitization. It is 
unclear whether the catalytic unit itself is modified in 
^ CHF. Although early data from Hershberger and Bris- 
tow!? suggested that it was not, more recent information 
indicates that its activity may be decreased. 

-The intriguing finding that the G; protein concentra- 
tion is increased in hearts from patients with CHF sug- 
gests that there may be a decreased basal adenylate cy- 
- clase activity or an enhanced receptor-mediated inhibi- 


-.. tion of adenylate cyclase under the influence of inhibitory 


.. agonists, such as acetylcholine or adenosine. An increased 
G; concentration could manifest itself as a relative desen- 
":gitization or refractoriness to stimulatory hormones. 

- There is a need for further investigation of the inhibitory 
side of the adenylate cyclase system, including detailed 
-. studies of the G proteins. Additionally, current methods 
-.. allow the assessment of which types of the G; protein (ail, 

“ai? or ai3) are increased in heart failure. It will be impor- 
tant to learn which G; subtypes are in the heart and which 
are regulated. Pertussis toxin labeling does not differenti- 
“ate between the 3 forms of G; or Gù (a G protein abun- 
- dant in brain and other tissues, the function of which is 
`: unknown) because all are substrates for [37P] NAD label- 

Ang. 











DESIGNING THERAPY 
BASED ON MECHANISMS 
-Jf the changes observed in the B-adrenergic receptor / 
adenylate cyclase system are important and a conse- 
<- quence of catecholamine desensitization, 8-receptor an- 
-... tagonism has theoretical benefit. Care must be exercised 
^. jn administering 6 blockers to patients with CHF. There 
`; have been several studies to suggest that 8 blockers may 





. improve the condition of some patients with CHF.'6!” 








-. Another potential approach for therapy would be an at- 
tempt to block the process of desensitization from within 
.. the cell. Thus, if 8-adrenergic receptor kinase or other 
. enzymes mediate desensitization, specific inhibition of 
these enzymes may be useful clinically. 

.. The newer classes of positive inotropes or analogs 
derived from them may be useful and have theoretical 


advantages. It has recently been demonstrated that posi- 


tive inotropes display at least 3 distinct mechanisms of 
action that have direct impact on the relevant compo- 
-nents of the adenylate cyclase system.'*!? Compounds 

-> such as milrinone and sulmazole are phosphodiesterase 

inhibitors that block cAMP degradation and enhance 

- contractility through a protein kinase A mechanism. In 


Wu addition, it has been demonstrated that these compounds 


"are specific antagonists of A;-adenosine receptors and 
also inhibit the activity of the G; protein.'4!° The Aj- 
adenosine receptor that is present in the heart is known to 
mediate inhibition of adenylate cyclase activity and to 
` suppress contractility. Thus, antagonizing a receptor that 

_ mediates decreased contractility may produce great ther- 


< apeutic benefit. 


< There is an increased concentration of G; in the heart, 
. and if it contributes to suppressed cAMP, then blockade 


of G; activity would increase CAMP and thus contractili- _ 
ty. If adenosine-mediated inhibition of adenylate cyclase 
is also enhanced, then blockade of A; adenosine receptors - 
would also enhance contractility. Thus, direct pharmaco- 
logic manipulation A -adenosine receptors and G; by new- 
agents which specifically act on each of these sites may be: 
a fruitful area of research. 


CONCLUSION 

Multiple changes in the 6-adrenergic receptor /adeny- 
late cyclase system have been described in CHF. Their 
etiologic role in the perpetuation or exacerbation of CHF 
requires further study. Much remains to be learned con- 
cerning the mechanisms responsible for the observed al- 
terations. To the extent that the adenylate cyclase system 
is important in the pathophysiology of CHF, it is benefi- 
cial to understand the basic biochemical mechanism: in- 
volved and to design new therapies based on these mecha- 
nisms. 
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| Cardiac Béta-Adienoceptor Regulation and the 
Effects of Partial Agonism | 


David B. Barnett MD, and Xianyou Lu, MD 





.... The in vivo effects of xamoterol on the regulation of 
_. rat cardiac 8 adrenoceptors were investigated. Rats 
* were implanted subcutaneously with osmotic mini- 
|. pumps and exposed to the following treatment regi- 
|... mens: (1) subcutaneous infusion of saline (control), 
|. isoprenaline or xamoterol for 6 days, (2) subcuta- 
neous infusion of isoprenaline with co-administra- 
^; tion of xamoterol for various periods up to 96 
|... hours, and (3) subcutaneous infusion of xamoterol 
|. for up to 96 hours after previous treatment with 

_Isoprenaline for 72 hours. Xamoterol did not induce 
E down-regulation after short-term 
(72-hour) or long-term (6-day) infusions. When co- 
administered with isoprenaline xamoterol did not 
. , affect the rate or extent of down-regulation induced 
_ by isoprenaline alone. In addition, recovery of 8 

. adrenoceptors down-regulated by isoprenaline 
treatment was not influenced by xamoterol treat- 
ment. In all studies, doses of xamoterol were equiv- 
-alent to those producing full functional responses to 
the drug in vivo. 
(Am J Cardiol 1991;67:18C—19C) 
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tion of Bj adrenoceptors produces desensitization and ^. 

is usually associated with a reduction in tissue recep- ——— 
tor density (down-regulation) or uncoupling of the recep- 
tor from adenylate cyclase, or both.! Conversely chronic 
treatment with -adrenoceptor antagonists may induce 
an increase in receptor density (up-regulation) and in- 
crease responsiveness.” Thus, attempts at chronic treat- 
ment of heart failure with the 8; adrenoceptor agonist ^. 
pirbuterol have been unsuccessful because of rapid devel- ^. 
opment of receptor desensitization? Furthermore, in — 
chronic heart failure, f- -adrenoceptor down-regulation — - 
has been demonstrated in hearts removed from trans- ——— 
plant recipients presumably related tothechronicsympa- ——— 
thetic nervous stimulation characteristic of this condi- 
tion. 

It is possible that the 8-adrenoceptor selective partial — : 
agonist xamoterol may be of particular use in heartfail- — ^. 
ure, being less likely to induce receptor down-regulation 
or reduce responsiveness during chronic treatment. It 
may also protect cardiac 8 adrenoceptors from "adverse" 
regulatory influences of excessive noradrenergic dis- 
charge present during the development of heart failure 

Because of the clinical interest in xamoterol, we have 
investigated the effects of this agent on regulation of rat 
cardiac 8 adrenoceptors in vivo. The experiments were — 
designed to answer the following questions: (1) Does © 
chronic treatment with xamoterol induce cardiac f-adre- — 
noceptor down-regulation compared with similar treat- 
ment with the full agonist isoprenaline? (2) Does co- $ 
administration of xamoterol with isoprenaline influence — 
the rate or extent of down-regulation or recovery ofthe — 
cardiac 8 adrenoceptors induced by the full agonist isoo ——— j 
prenaline? (vm 


I: is generally accepted that chronic agonist stimula- | 



















METHODS 
Using osmotic minipumps (Alza, Palo Alto, Califor po Y 
nia) implanted subcutaneously in rats the following treat- — — 
ment regimens were employed: (1) subcutaneous infusion ^ 
of saline (control), isoprenaline (40 ug/kg/hour) or xa- ^. 
moterol (600 ug/kg/hour) for 6 days; (2) subcutaneous — 
infusion of isoprenline (40 ug/kg/hour) with co-adminis- 
tration of xamoterol (600 ug/kg/hour) for various peri- 
ods up to 96 hours; (3) subcutaneous infusion of xamo- . 
terol (600 ug/kg/hour) for up to 96 hours after prior 
treatment with isoprenaline (40 ug/kg/hour) for 72 . 
hours. Xamoterol treatments in regimens 2 and 3 were 


‘preceded by a single intraperitoneal priming ition of 


0.1 mg/g of the drug. 





_ At the end of the treatment periods, the rats were 

. killed and blood was sampled for isoprenaline and xamo- 

.. terol plasma concentration measurements. Hearts were 

removed and myocardial membranes prepared using 

- standard methods.° Receptor densities (Bmax) for total 8 

~ adrenoceptors and 8; and 8 subtypes were assessed from 

- saturation analysis of '*°I-pindolol binding as previously 
< described. 


. RESULTS 
. ^ Isoprenaline: The infusion of isoprenaline for 72 
. hours reduced total 8-adrenoceptor Bmax by approxi- 
-mately 40 to 50%. No further down-regulation was in- 
.. duced by 6 days’ treatment. The relative proportions of 
the B-adrenoceptor subtypes (65 to 70%) were not affect- 
ed by chronic isoprenaline treatment. However, during 
|. short-term isoprenaline infusions, 8; adenoceptors were 
- down-regulated more rapidly and to a greater extent 
. (maximal down-regulation 60% at 24 hours) than fi 
adrenoceptors (maximal down regulation 45% at 48 
-. hours). Recovery of down-regulated 8 adrenoceptors was 
. observed in rats treated initially with isoprenaline for 72 
hours. After removal of the minipumps, the rats were 
allowed to recover and then killed at various time inter- 
'vals up to 96 hours. 8; adrenoceptors returned at a slower 
-. rate to the control state than did 8, adrenoceptors (full 
recovery at 48 and 96 hours for 8; and B; subtypes, 
respectively). 
` Xamoterol: Infusion of xamoterol alone for any time 
period (72 hours to 6 days) did not affect -adrenoceptor 
ity. In addition, the relative proportions of the 6- 
adrenoceptor subtypes were unchanged by xamoterol 
treatment. This indicates that the Bi selective partial ago- 
. mist did not cause down-regulation of 6; adrenoceptors 
.. associated with a compensatory increase in 8» adrenocep- 
"tors accounting for the unchanged overall Bmax value. 
| Xamoterol and isoprenaline: When co-administered 
.. with isoprenaline, xamoterol did not affect the rate or 
degree of down-regulation induced by isoprenaline. In 
addition, recovery of down-regulated receptors was not 
-. influenced by subsequent treatment with xamoterol. 
Plasma concentrations of xamoterol measured at the 
.. end of all treatment periods (100 to 300 nmol/liter) were 




















similar to those producing full functional responses in rat | 
heart in vitro and in vivo, suggesting full receptor occu- 
pancy for the partial agonist during the infusion experi- — 
ments. E 


CONCLUSIONS 

In this animal model, xamoterol does not induce adre- 
noceptor down-regulation in short-term (72 hours) or 
long-term (6 days) infusion studies using doses equivalent 
to those producing full functional responses to the drug in 
vivo and in vitro. Xamoterol, when co-administered with 
isoprenaline, does not affect the rate or extent of down- 
regulation induced by the full agonist. In addition, recov- 
ery of down-regulated 8 adrenoceptors after isoprenaline 
treatment is not influenced by xamoterol. 

These results have important implications for the use 
of xamoterol in the therapy of chronic heart failure. In 
particular, it seems that tachyphylaxis in response to the 
inotropic effects of xamoterol during long-term treat- 
ment would be unlikely. The present experiments, how- 
ever, do not indicate a “protective” effect of xamoterol 
when the cardiac 8 adrenoceptors are exposed to strong _ 
stimulation by a full agonist. This may be related to the. 
artificial nature of the stimulus used in the present model 
(high-dose isoprenaline infusion) as well as the relative 
doses of the 2 agents. Further studies are currently under- 
way to explore these possibilities. 
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_ Circulating plasma concentrations of norepineph- 
. rine, renin, angiotensin and vasopressin are in- 
_ creased in congestive heart failure. By increasing 
|. ventricular afterload, heart failure is further wors- 
.. ened, which in turn—in a vicious cycle—stimu- 
_ lates neurohumoral vasoconstrictor mechanisms. 
.. Furthermore, because of the compensatory but ex- 
cessive stimulation of the sympathomimetic sys- 
|. tem, a down-regulation and desensitization particu- 
__. larly of the myocardial 8, receptors and depletion 
_ of myocardial catecholamine occurs in chronic 
... heart failure. These defects may be restored 
|| toward normal by interventions that attenuate the 
_ activity of the sympathetic nervous system. A di- 
rect approach to modify the excessive vasoconstric- 
tion is to administer systemic vasodilator drugs, but 
_ despite favorable short-term effects, tolerance de- 





. ing enzyme inhibitors that have shown favorable 
-responses in patients with chronic heart failure. 

.. Beta-blocking agents interfere with endogenous 
sympathetic activation and have produced benefi- 

. cial effects in patients with congestive cardiomyop- 
,. athy. Long-term treatment is associated with up- 

. regulation of the number of 8 receptors and an im- 

_ proved responsiveness to catecholamines. Owing to 
|. the negative inotropic effects of 8-blocking agents, 
|. some of the patients with severe heart failure dete- 

.. riorated hemodynamically and clinically. Theoreti- 

|. cally, it should be advantageous to have a sub- 

_ stance that combines protection against excessive B 
- stimulation with a mild inotropic support to prevent 
.. cardiac decompensation. This may be achieved by a 
_ selective 8;-partial agonist like xamoterol. 
ee (Am J Cardiol 1991;67:20C-—22C) 
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Interrupting the Adaptive Changes in - 
| Congestive Heart Failure 3 


Wolfram Kupper, MD 


nder normal circumstances, baroreceptors pro- — — 
| | vide a tonic inhibition of the sympathetic nervous _ 

system. An acute decrease in cardiac output Or 
arterial pressure decreases baroreceptor activity, which - 


leads to sympathetically mediated vasoconstriction and. 


activation of the vasopressin and renin-angiotensin sys- — 
tems. Several lines of evidence show that baroreceptor - 2 
function is impaired in patients with heart failure. For — . 

example, in normal persons, upright tilt causes venous DOS 
pooling of blood, producing a decreased filling pressure . 


and cardiac output, which in turn causes reflex vasocon- 
striction and an increase in heart rate and blood pressure. 
In patients with congestive heart failure, however, heart 
rate, arterial pressure and forearm vascular resistance do 
not alter during upright tilt, which suggests that the sym- 
pathetic response to reduced cardiac output is impairedin 
these patients.’ Furthermore, plasma norepinephrine and 
epinephrine concentrations in patients with heart failure 
do not increase during upright tilt, whereas in control 
subjects plasma norepinephrine increases by approxi- 
mately 80%.” Thus, in patients with heart failure, the 
inhibition of sympathetic activity normally provided by 


baroreceptors is greatly reduced. Activation of the sym- 


pathetic nervous system is known to occur early in heart i 
failure; Bayliss et aP showed that this activation occurs. 
before onset of symptoms. 


ADVERSE CONSEQUENCES OF 
SYMPATHETIC STIMULATION 

The baroreceptor reflex provides a means of compen- 
sating for short-term changes in cardiac output. Pro- 


longed activation of the sympathetic nervous system, — 
however—as occurs during congestive heart falure—has — 
3 major effects which can have deleterious consequences. 


for the patient. Chronic sympathetic activation leads to | 
down-regulation of myocardial 8,-adrenoceptor desensi- 


tization and increases afterload, chronic activation ofthe ^ 
renin-angiotensin system leads to sodium and water re- — 
tention, and the decreased cardiac output contributes to. 
the general debilitation of patients with congestive heart 


failure. Under these conditions, the normally beneficial 
increases in heart rate and blood pressure produced by 
the baroreceptor reflex can become disadvantageous (Ta- 
ble I). A chronic increase in heart rate can, particularly in 
patients with coronary artery disease, produce myocardi- 


al ischemia, an increased myocardial oxygen consump- = 


tion and a reduced diastole. An increase in mean arterial © 
pressure resulting from angiotensin II secretion can both 
increase impedance and decrease ejection fraction. In- 
creased contractility increases stroke volume and ejection 
fraction, but this is at the expense of worsening arrhyth- 























































i TABLE 1 Effects of Sympathetic Activation in Heart Failure 












Beneficial 
‘Tachycardia: cardiac output increases 
< Arterial constriction: mean arterial pressure increases 
Venous tone increases: end-diastolic volume increases 
Renin stimulation: end-diastolic volume increases, mean arterial 
pressure increases 
‘Myocardial hypertrophy: cardiac output increases 
|: Contractility increases: stroke volume increases, ejection fraction 
2]. increases 
-| Detrimental 
«^ Myocardial oxygen consumption increases, diastole decreases 
"Impedance increases, ejection fraction decreases 
'^Preload increases, wall stress increases 
Impedance increases, ejection fraction decreases 
- ; Compliance increases, filling pressure increases 
“Arrhythmias increase 





mias, as can occur, e.g., during administration of inotro- 

.. pic agents such as catecholamines or phosphodiesterase 

. inhibitors. A vicious cycle therefore exists in which neuro- 

" endocrine responses to ventricular dysfunction lead to 

increased peripheral resistance and afterload, causing a 
-further deterioration in ventricular function. 


. POSSIBLE APPROACHES TO RESTORING 
NORMAL BARORECEPTOR FUNCTION 
- . . It appears that the diminished baroreceptor activity 
that occurs during heart failure does not result from 
uctural changes in the receptor itself, because normal 
- reflex activity is restored within 2 weeks of cardiac trans- 





.. plantation. Thus, the most effective means of interrupting 


the vicious cycle previously described are cardiac trans- 
plantation or the use of a left ventricular support device. 
_ However, these physical interventions clearly are practi- 

cal or appropiate only in a limited number of patients. 


Pharmacologic approaches to restoring baroreceptor 


| function involve reducing the load on the heart, increas- 


-ing myocardial contractility or changing the ionic envi- 


ronment of the receptor. For example, digitalis inhibits 
membrane sodium-potassium adenosine triphosphatase 


and Ferguson et alt found that digitalis normalizes the 


— forearm vascular response to lower body negative pres- 
sure in patients with congestive heart failure (Fig. 1). 

The load on the heart can be reduced by treatment 

. with angiotensin-converting enzyme inhibitors, such as 

- captopril. Cody et al^ studied the vascular responses to 


-.. €old in patients with congestive heart failure after acute 


-. and chronic treatment with captopril. After acute admin- 
istration of captopril, heart rate and systolic and diastolic 
arterial pressures did not change when one hand was 
immersed in iced water for 1 minute. However, when 
captopril was given chronically, cold stress produced a 
marked increase in heart rate and blood pressure that was 
similar to that seen in normal subjects. 
The B-adrenoceptor-adenylate cyclase system is 
markedly altered during heart failure. In advanced dis- 
- ease, the concentration of myocardial 6 receptors is de- 
creased; this decrease is mainly due to a reduction in the 
number of 8; receptors. Moreover, metoprolol and other 


8 antagonists cause up-regulation of myocardial 8 adre- 


[C] pre-DG 
post-DG 


Forearm 
vascular 
resistance 0 
from control 
(units) 
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FIGURE 1. Forearm vascular responses to lower body nega- — 
tive pressure (LBNP) in patients with heart failure, 
before (pre) and after (post) treatment with digitalis (DG). 


noceptors and restore the sensitivity of the receptor to 
agonist stimulation." Down-regulation of 8 receptors is. 
not due to simple agonist occupancy of the adrenergic: 
receptor, because the affinity of the o adrenoceptor 
(which is not down-regulated in chronic congestive heart. 
failure) for norepinephrine is only slightly less than that 
of the B receptor. Changes in the nucleotide-binding regu- 
latory proteins that couple the receptor to adenylate cy- 
clase may be involved. Concentrations of the stimulatory 
G, protein are decreased by up to 80% in patients with 
congestive heart failure®; treatment with the angiotensin- 
converting enzyme inhibitors captopril or lisinopril dou- 
bled the concentration of G, proteins and increased the 
concentration of 8 receptors.* 

Treatment with §-receptor antagonists has benefited 
some patients with severe heart failure but, because of the 
negative inotropic effects of these drugs, the condition of 
others deteriorates. It would be advantageous to combine 
a weak B agonist effect with protection against the harm- 
ful effects of chronic receptor stimulation. 

Studies with xamoterol: In rats, treatment with xam- 
oterol did not cause down-regulation of 8 adrenoceptors, 





i.v. bolus 
2 x 200 mg xamoterol P.O. 


. FIGURE 2. Protocol of the study of the effect of sei 
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Heart rate after xamoterol (beats/minute) ^. s - ez 
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unlike isoprenaline (see Barnett's report on p 18C of this 
- supplement). A double-blind, randomized, placebo-con- 
. trolled trial has examined the effects of 3 months’ treat- 
ment with xamoterol (200 mg twice daily) on hemody- 
. namics in patients with heart failure (Fig. 2). A single 
intravenous dose of xamoterol, 0.2 mg/kg, produced a- 
. decrease in exercise heart rate and a slight increase in 
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Heart rate before xamoterol (beats minute) 


IGURE 3. Effect of xamoterol, 0.2 mg/kg administered intravenously, on heart rate. Pooled data from values at rest and on ox: 
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resting heart rate (Fig. 3 and 4), and these effects were 
not altered by 3 months’ treatment. These results sugges : 
that (1) in patients at rest, xamoterol has a mild inotropic — 
effect, whereas at times of high sympathetic activity (ie, — 
during exercise) it has an overall antagonistic effect; and 
(2) tachyphylaxis is unlikely to occur during chronic - 
treatment with xamoterol. 
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Panel Discussion 


Dr. Grobecker (Federal Republic of Germany): Dr. 
Stiles, in view of the excellent experiments of Maisel and 
co-workers! showing that there is an externalization of 
receptors in guinea-pig hearts and in view of your excel- 

ent presentation illustrating that there is an internaliza- 
“tion, would you classify coronary heart disease and the 
` failing heart in terms of receptor movements inward and 
outward? 

Dr. Stiles (Durham, North Carolina): I do not think we 
have any data that tells us whether receptor movements 
inward and outward are different. As I tried to point out 

_in my talk, I do not know that what we are looking at is in 


` fact a physiologic change in the B receptors; it may all be 


-end-stage disease. I think it is clear that if a cell is contin- 
ually bathed in catecholamines a refactoriness or tachy- 
phylaxis will be seen. In some systems that occurs without 
down-regulating B receptors at all; in some systems only 
covalent changes are seen in the receptor and changes can 
be seen in the G proteins without any change in 6-recep- 
tor number at all. In other systems you see down-regula- 
tion very quickly, in minutes, and in some cases when the 
catecholamine stimulation is removed it reverts to nor- 
mal. I think your point is a good one, although I do not 
< think we can categorize all types of end-stage heart fail- 
-. ure into 1 group. I think there are very different types— 
end-stage heart failure resulting from immunologic dis- 
- ease and viral disease is very probably different to that 
seen in end-stage ischemic disease where the patient has 
had 3 or 5 infarcts and has very little functioning muscle 
left because it has all become fibrotic. 

Dr. Grobecker: Regarding uptake by the sympathetic 
nerves and subsequent release on sympathetic stimula- 
tion, is xamoterol or metoprolol taken up in this way? Do 
you have any evidence for this? 

Dr. Barnett (Leicester, United Kingdom): What you 
are asking is whether xamoterol is a substance for a type 1 
uptake mechanism. To my knowledge, no. 

< Dr. Parmley (San Francisco, California): Years ago 
we were interested in the effects of glucagon in terms of 
stimulating cardiac contractility and, following studies in 
patients, noted that in heart failure it seemed to work less 
well. This was substantiated in the muscle removed from 
patients with severe heart failure. What is the mechanism 
for this decreased responsiveness to glucagon? 

. Dr. Stiles: The glucagon system has not been looked 
at in any detail in the heart, but it has been in a variety of 
other cells including the kidney, and there is some very 
interesting work from Rich et al? looking at glucagon 
desensitization. They proposed a unique mechanism ex- 
plaining how desensitization to glucagon occurs as a re- 
sult of these studies. They found that chronic treatment of 
liver cells with glucagon induced a tachyphylaxis over 
about 12 to 24 hours and the mechanism appeared to 
involve an increase in the G; protein concentration. This is 


analogous to what has now been described in the human 
heart: If you look at only the stimulatory side of the 


system it looks fairly normal. A little down-regulation of 
the glucagon receptors was observed, but it was noted 
that on the inhibitory side of the axis it was markedly 
enhanced, which was the first time such events were de- 
scribed, and it has subsequently been confirmed by a 
variety of other researchers. Therefore, we can gather 
from this that a system can be regulated in ways other 
than via the receptor. Whether that is analogous to what 
happens in the human heart I do not know, but increased 
Gi protein concentration has been observed in the human 
heart, and it is known that the human heart in congestive 
failure is refractory to glucagon. 

Dr. Kupper (Hamburg, Federal Republic of Germa- _ 
ny): Besides the pharmacologic action, one of the other - 
reasons for discontinuing therapy was the side effects 
seen in our patients. 

Dr. Stiles: Yes, they suffered from nausea. 

Dr. Forfar (Oxford, United Kingdom): Xamoterol 
does not prevent agonist down-regulation and presum- 
ably this must relate to the concentrations in receptor 
occupancy of the agonist and partial agonist. What was it 
in your study? i 

Dr. Barnett: You are quite right. What I would have 
liked to have seen would have been that xamoterol co- _ 
administered with isoprenaline would have allowed the Ba 
adrenoceptor to down-regulate and would have prevented 
the down-regulation of the 8, adrenoceptor. The second 
part of the experiment would have also been predictable 
in a theoretical sense, the co-administration of xamoterol 
during receptor recovery, would hopefully have encour- — 
aged a more rapid up-regulation recovery of the Bj recep- 
tors. Neither of those things happened, and that may be- 
because it is unlikely to happen; I mean nature may not. 
intend it to be that way, or it may simply be because we 
have not used the correct doses. The dose of isoprenaline — 
we use is the dose reported by others who have done 
exactly the same sort of experiments—about 40 ug/kg/ 
hour. The reason that we do not exceed this dose is be- 
cause experimental animals die if we do, and we do not 
give a lower dose than this because down-regulation is not 
achieved very quickly, so this is a very contrived model. In :- 
my view, attempting to draw an analogy to the human - 
situation is impossible, but short-term interaction and . 
short-term down-regulation experiments are more likely.: 
to represent the real situation in the early stages of heart 
failure than is removing an almost dead heart and esti- 
mating the receptor populations. 1 

Dr. Parmley: Can I comment on that? I think in some — 
ways it is a very predictable response. To block an agonist ` 
effect with an antagonist usually requires an excess of 
several 100-fold to a 1,000-fold of the antagonist. The- 
reason for this is that the @-receptor systems, like all - 
receptor systems, are geared to amplification systems. 
Whether you down-regulate or desensitize is determined 
by receptor occupancy and the relative on and off rate of 


the agonist and antagonist. An antagonist occupying the - 
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.. receptor only produces its effect while the receptor is 
... Occupied. When an agonist comes into contact with the 

. . receptor it induces a cascade effect activating multiple G 

-~ proteins which in turn switches on the catalytic unit to 

.. produce multiple units of cyclic adenosine monophos- 

.. phate (AMP). A very short treatment with an agonist 

.. results in a large effect, so you have to overwhelm the 

System with high concentrations of antagonists to block 
this. 

Dr. Barnett: From the point of view of receptor occu- 
pancy, the concentration of isoprenaline in the rat heart 
at the end of the infusion period is equivalent to about a 
10% receptor occupancy. We are therefore way down on 
the dose-response curve for isoprenaline from the point of 
view of functional effect, and yet we are able to produce 
_ maximum down-regulation indicating that a high iso- 
|... prenaline concentration is not required. 

oo Dr. Hori (Japan): Recently it has been claimed that 

. antibodies to the &-receptor increase in the circulating 

|. blood, which may be the cause of heart failure. Are you 

able to comment on this? 

Dr. Stiles: I do not know whether this is the case. It 

_ has been said for almost the last 15 years now that in a 

. variety of conditions, including asthma and congestive 
< heart failure, autoantibodies to the 8 receptor could ex- 

. plain the symptoms and signs. None of those studies have 

. ever been corroborated by other laboratories. 

_ Dr. Kupper: This question should be easily answered 
in the next 1 or 2 years when the receptor has been 

crystallized. 

Dr. Parmley: May I ask a philosophical question of 

our 3 panelists? If you look at data in the literature 

. regarding up- and down-regulation of receptors, you find 

_ people who argue it both ways in terms of congestive 

.. heart failure, that is, that with an increased concentration 

. Of catecholamines and down-regulation, the conse- 

. quences are beneficial, preventing the deleterious effects 

= of catecholamines on the heart. On the other hand if, for 

` example, 8 blockers are administered and some up-regu- 
lation is allowed for, it is beneficial because a restored 
responsiveness to the system is achieved. So the philo- 

. sophical question I am posing is whether this is good or 

. bad and what is the best therapy? 

<.. Dr. Kupper: I clearly would make a statement in favor 

_ of B blockers as the therapy because it is clear that cate- 
_cholamines given acutely or in excess harm the myocardi- 

- um, but if you have no 8 receptors left then the heart 

_ probably cannot work sufficiently. This is why interrupt- 

_ ing the pathophysiologic sequence that probably develops 

in congestive heart failure is the right way to treat this 
< condition and in my opinion points to the use of blockers 

_ Which restore 8 receptors. 

Dr. Barnett: The 8-blocker story is a little bit confus- 
ing, that is to say that if you administer B blockers to treat 
the patient with heart failure you titrate the dose and the 

patient recovers. However, the patient recovers even 

_ though the 8 blocker is still present, so the new receptors 

are actually blocked by the drug. I have never quite 
understood, therefore, how you could use that as a piece 
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of evidence to indicate that up-regulation or reversing the 
problem was of benefit. You could argue that 8 blockade 
is simply preventing excessive stimulation of the heart 
and an excessive compensatory mechanism. 

There is some very interesting work from Paris look- 
ing at messenger ribonucleic acid expression in hypertro- 
phied hearts. It has shown that, for example, the calcium 
adenosine triphosphatase messenger ribonucleic acid is 
expressed during hypertrophy before the gene product, 
and research is now being conducted to see whether gene 
products associated with 8 receptors appear during hy- 
pertrophy, and whether the 8 receptor adaptation is truly 
part of the physiologic process. We need to find out what 
the first mechanism is, what actually happens at the. 
beginning and I think once we can answer this question 


we will know better whether it is good or bad to have the : 


receptors down-regulated or not and I don't think there is 
an answer to this at the moment. 

Dr. Stiles: We all concentrate on total cyclic AMP 
production, yet we know that only so much cyclic AMP is 
needed to produce a full physiologic effect, and every- 
thing above that is surplus. 

Dr. Camerini (Italy): We observed a subgroup of pa- 
tients with reduced ejection fraction, poor exercise toler- 
ance and histologic signs of active myocarditis. These 
patients had a persistent sinus tachycardia and an in- 
creased heart rate up to 170 or 180 when undergoing- 
slight exercise, 20 to 40 W. The treatment with 8 blockers 
in these patients determined a definite significant reduc- 
tion of heart rate and improvement of ejection fraction 
and of clinical signs. My question is: Is it possible to speak 
in some cases of up-regulation of 8 receptors and to havea 
beneficial result with 8 blockers in these cases? 

Dr. Barnett: You could say that the excessive tachy- 
cardia in those patients was metabolically wasteful, and 
therefore by blocking it you were allowing a more appro- 
priate use of the energy that they needed. I think that 
would be the way that I would explain it. The reason that 
we can treat some of those patients with 6 blockers is. 
because we don't administer a high dose immediately, but 
gradually titrate upward until the required dose is 
achieved; doing this achieves a reduction in metabolic 
requirements. 

Dr. Camerini: These patients were all at rest and fol- 
lowing slight exercise had an abnormal response with 
tachycardia. 


Dr. Barnett: Yes, I can give you an anecdotal case. 1 


recently had a patient under my care who had very severe 
heart failure. She had severe ventricular tachycardia 
which was only controllable with amiodarone; she was on 
angiotensin-converting enzyme inhibitors and large doses 
of diuretics, and was in and out of hospitals on a regular 
basis. After getting her over acute episodes of pulmonary 
edema and informing her that she could return home the 
following day, she would become so excited that she 
would go into left ventricular failure that night, and we 
had to treat her again. We gave her a small dose of 
xamoterol and she improved dramatically, and I think 


that was simply because xamoterol was actually blocking 









. the excessive sympathetic response in her heart which 
-~ was just tipping her over the edge. I think a 8 blocker 
- would have probably done just as well under the circum- 
<- . Dr Camerini's question raises a completely new issue; 
he refers to acute infectious disease of the myocardium in 
-< patients who have probably been treated with prednisone 
and immunosuppresive regimens in addition to the basic 
` treatment, whereas in this workshop we have been consid- 
ng patients in a relatively stable condition of chronic 
gestive heart failure. 
Br. Mcinnes (United Kingdom): As a confused clini- 
cal pharmacologist, I am impressed by the amount of 
-catecholamines that seem to be around and also about the 
- beneficial effects of 8 blockade in some circumstances, 
. and I wonder what possible value the small amount of 
- agonist in a drug like xamoterol can possibly be. Surely it 
.. is completely swamped by the catecholamines that are 
. present and that all you are seeing with xamoterol is the 
_» effect of 8 blockade, as Professor Barnett has pointed out. 
| wonder if the panelists would like to discuss this. 
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Dr. Barnett: I believe that patients with severe h 
e who respond to 8 blockers are being protected 
from the excessive metabolic demands of the sympatheti 
nervous system, and these patients have already had ev- 
erything in the way of conventional treatment, and they 
have tremendous compensatory mechanisms in opera- 
tion. Xamoterol is available now for use in much lowe 
grades of heart failure. I think they are 2 different groups. 
The anecdote I gave was, I think, in relation to the exces 
sive sympathetic demands which could tip the balance in 
some severe heart failure patients and is quite separate. 
We just happened to use xamoterol because it seemed. 
safe 8 blocker in those circumstances. I would not say 
that was the way in which it principally works in the mild 
disease, but that is a personal view. 
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Between 50 and 70% of patients with heart failure 
die suddenly and unexpectedly before they have de- 
teriorated to New York Heart Association class IV 
‘symptoms. It has long been known that ventricular 
ectopy predicts sudden cardiac death in coronary 
heart disease, and this has also been shown in di- 
lated cardiomyopathy. It is less certain whether 
antiarrhythmic drugs reduce this risk and improve 
prognosis. Supraventricular arrhythmias frequently 
develop in heart failure of all causes. They nearly 
always cause symptoms, and the establishment of 
atrial fibrillation may mark a permanent deteriora- 
tion. Except for sustained ventricular tachycardia, 
.. ventricular arrhythmias are often occult. Hypokale- 
. mia and digitalis toxicity may have been precipitat- 
.. ed by diuretics or interaction with antiarrhythmic 

_ drugs. In coronary heart failure, arrhythmias may 
.. be related to scar tissue or ischemia, which may 
also be responsible in dilated cardiomyopathy. Use 
of inotropes and inodilators may precipitate ar- 
rhythmias, whereas drugs that conserve energy or 
potassium, such as £ blockers and angiotensin-con- 
verting enzyme inhibitors, may prevent them. Since 
suppression of ventricular arrhythmias has not 

.. been shown to prevent sudden death or prolong life 
. in patients with heart failure, it may be that such 

.. arrhythmias do not directly presage ventricular fi- 
.. brillation except in so far as they are markers of a 
_ poor prognosis with a risk of sudden death. if so, 

_ such arrhythmias are most likely to be suppressed 
_ by agents that result in improvement of left ventric- 
_ -ular function and, through that, prolongation of life. 
: (Am J Cardiol 1991;67:26C—28C) 
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.— Genesis of Arrhythmias in the Failing Heart _ 
and Therapeutic Implications | B 


Celia Oakley, MD 


rrhythmias are common occurrences in patients 

with heart failure. Supraventricular arrhythmias 

Imost always cause symptoms and may mark a 
permanent deterioration in exercise performance. The 
onset of atrial fibrillation is almost invariable at some. - 
stage in rheumatic heart disease, and although left atrial 


pressure and size have an influence on its timing, many . 


patients progress into irreversible chronic atrial fibrilla- 
tion, even up to several years after successful valve re- 
placement when left atrial pressure is close to normal. In 
most other forms of heart disease, atrial fibrillation, or 


(less often and more uncomfortably) chronic atrial flut- | 


ter, develops in association with the onset of heart failure. 


Atrial flutter occurs more often in right-sided cardiac 


disease, particularly when it is not of rheumatic origin, 
whereas atrial fibrillation is more frequently seen in rheu- 
matic, valvular, coronary or cardiomyopathic failure. 
Ventricular arrhythmias may be precipitated by diu- 
retic-induced hypokalemia or digitalis toxicity, often in- 
duced by interaction with antiarrhythmic drugs and hy- 
pokalemia. In coronary heart failure ventricular ectopy 
may be related to ischemia, and this may be exacerbated 
by treatment with inotropes or inodilators (Table D.. 


Except for sustained ventricular tachycardia, ventric- - s : 
ular arrhythmias are often occult. Ventricular ectopic — 
activity, uncommon in childhood, occurs more frequently - 


with increasing age, especially in the elderly, even in the 
absence of heart disease. Ventricular ectopic activity has 
been shown to have adverse prognostic significance in 
coronary heart disease, and in dilated and hypertrophic 
cardiomyopathy. Sudden death is common in patients 
with heart failure. About 50% of patients with dilated .. 
cardiomyopathy die suddenly without a preceding period 
of hemodynamic deterioration, and this is presumably 
due to ventricular fibrillation. Such patients usually show 
considerable ventricular ectopic activity on ambulant 
electrocardiographic monitoring, and it has been as- 
sumed, but not shown, that suppression of this activity 
may reduce the chance of ventricular fibrillation, but — 
death may result from sudden mechanical deterioration 
induced by the arrhythmia rather than from the arrhyth- 
mia itself. About 50% of patients with coronary artery. ` 
disease also die suddenly even without heart failure. They . 
also show ventricular ectopic activity, which has been 


shown to be an adverse prognostic indicator, butsuppres- ——— 


sion of these arrhythmias has not been shown to prolong — 


life. In patients with heart failure of coronary origin the - Se 


risk of sudden death was shown to be over 70% in the 
study from Framingham. This explains why patients with 
cardiomyopathies comprise more than half of all patients 
who have undergone cardiac transplantation in most cen- 









: TABLE! Possible Contributory Causes of Ventricular 
` Arrhythmia In Heart Failure 


(excess, interaction with anti- 
arrhythmics, hypokalemia) 

(hypokalemia) 

(hypotension and ischemia) 

(arrhythmogenic and pro- 

à inodilators ischemic effect) 
Antiarrhythmic drugs (proarrhythmic effect) 


ups Electrolyte imbalance 


(diuretics and interaction 


E Digitalis 


|" Diuretics 
Vasodilators 
Inotropes and 





with digitalis) 


i : Neurohumoral Activation 


“ Sympathetic (arrhythmogenic) 


"| Renin-angiotensin 


Structural 


Ventricular hypertrophy 
cb Scar and aneurysm 
Dilatation 





ters, even though coronary disease is a far more common 
cause of death in the same age group. A small proportion 
of patients with coronary artery disease survive to go into 
heart failure or achieve a place on a transplant waiting 
jist, and even fewer live to undergo transplantation be- 
cause their prognoses are, individually, so unpredictable. 
-C Tt has been assumed that suppression of ventricular 


ues ectopy with antiarrhythmic drugs leads to an improve- 
.. ment in prognosis, but this has not occurred in patients 


"with either coronary heart failure or dilated cardiomyop- 
-. athy. In a recent study the use of an antiarrhythmic drug 
|. was shown to increase mortality. In this study, performed 
. in patients who had had infarction, the use of flecainide 
“was associated with increased mortality and led to the 
recommendation that this drug should only be adminis- 
tered for the treatment of life-threatening arrhythmias. 
The use of amiodarone in dilated cardiomyopathy sup- 
presses ventricular ectopic activity, but an increase in 
“survival rate in patients treated with amiodarone has not 
been demonstrated. It is possible that the dose of amioda- 
rone selected was too low and that the patients included in 
- the trial were too sick (New York Heart Association 
classes III and IV) for benefit to be demonstrated, but 
this awaits further elucidation. 
dé Again, these arrhythmias may reflect the severity of 
` the underlying heart disease, and improvement of left 


"ventricular function could lead to an improved prognosis. 


< This could be achieved by agents that conserve potassi- 
um, such as angiotensin-converting enzyme inhibitors, or 
by conserving myocardial energy, e.g., with 8 blockers. A 
small-scale trial has found that captopril reduced ventric- 
_ ular ectopies and prolonged life while enalapril has been 

.. found to prolong life but not reduce the number of sudden 

- deaths. 

A study from the Hammersmith Hospital has exam- 


ined survival from sudden death in patients with heart - 
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FIGURE 1. Cumulative survival in patients with heart failure. 
Top, survival in patients with New York Heart Association 
class I, il or Ill disease. Bottom, survival in patients with 
(presence of ventricular tachycardias, or more than 250 ven- 
tricular ectopies) and without arrhythmias. VEs = ventricular 
ectopies; VT = ventricular tachycardia. (Reproduced with per- 
mission from Quart J Med.) 


failure, and related this to the incidence of ventricular . . 
arrhythmias (Fig. 1). Survival was related to the severity 
of the disease; there were no deaths among patients with . 
class I disease, and there was a progressively higher mor- 
tality among patients in classes II to HI. However, there | 
was little difference in survival between patients with- 
ventricular tachycardia or more than 250 ectopies and 
those with no arrhythmias. In all patients, sudden death . 
occurred more frequently as the mechanical function of 
the heart deteriorated. 

If sudden death results from loss of mechanical func- - 
tion and reduced coronary blood flow rather than from 
arrhythmia, per se, this would have profound therapeutic 
implications. The key to preventing sudden death may lie 
in improving circulatory function and coronary blood: 
flow, possibly by using angiotensin-converting enzym 
inhibitors or § blockers. : 

In hypertrophic cardiomyopathy, sudden dea 
known even in the absence of heart failure. Sup 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 6, 19% 





‘nonsustained ventricular tachycardia with ‘amiodarone 
V initially seemed to reduce the incidence of sudden death, 
^... but this has proved disappointing in long-term follow-up. 
_. Moreover, children with hypertrophic cardiomyopathy, 





-although at greatest risk of sudden death, have the lowest 
‘incidence of arrhythmias. The use of antiarrhythmic 
rugs therefore seems to be inappropriate, because in 

children and in many adults the cause of sudden death 
may relate more to the hemodynamic vulnerability of the 
small, stiff, left ventricle than to primary arrhythmias. 
_ Secondary arrhythmias may be delayed in some cases but 
this has still to be established. 
7. All forms of heart failure, and even the aging process 
itself, lead to myocyte loss and compensatory hypertro- 
. phy. Hypertrophy inevitably results in an increase in the 
+ capillary-myocyte distance and to an adverse change in 
the ratio between energy-producing mitochondria and 
energy-consuming myofibrils. The use of inotropes for 
the treatment of heart failure may increase this energy 
- imbalance and enhance ischemia. Treatment designed to 
reduce energy expenditure by slowing the heart rate and 
^. reducing blood pressure and wall stress when this is possi- 
< ble may be more effective in reducing sudden death and 
prolonging life than the use of inotropes. 

The long-term use of -adrenergic blocking drugs 
may owe its beneficial effect in certain patients with heart 
failure to this energy-conserving effect. 

The information that we have, incomplete though it is, 
leads us to conclude that ventricular ectopy seems to be a 
marker of severity in heart disease and thus of adverse 
prognosis. Reduction in arrhythmias with improvement 
in prognosis may come from the use of drugs that improve 
i. left ventricular function rather than from the administra- 

‘tion of antiarrhythmic drugs, most of which have a nega- 

tive inotropic effect as well as a proarrhythmic effect in 

: some patients. 


DISCUSSION 
Do Dr. Parmley (San Francisco, California): What do 
|... you do when you have a patient with severe heart failure 
~ and you have done all you can about correcting all of the 
proarrhythmic factors that you have mentioned? We 
have no evidence that you can perhaps prolong life. Do 
' yourecommend an antiarrhythmic agent in these circum- 
2r stances? 
US Dr. Oakley (London, United Kingdom): Yes, we use 
|. amiodarone because I think it may work. The fact that it 
.... was not shown to work in trials does not actually deter me 
-ifa patient is having ventricular ectopy, which I think is 
: predictive of his death. 

Dr. Barnett (Leicester, United Kingdom): What 
. about the possibility that sudden death and arrhythmias 
" are induced by small platelet deposition and the possibili- 
ty of preventing arrhythmias by using antiplatelet drugs, 

i “the aspirin story”? 
Dr. Oakley: All our coronary patients take aspirin 
e unless it is contraindicated. We don't usually give aspirin 
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to patients with dilated cardiomyopathy, but there might 
be platelet aggregation in the microvasculature under 
certain circumstances. 

Dr. Parmley: Certainly, in the setting of an unstable 
coronary syndrome, like unstable angina, aspirin has 
been a dramatic drug. It is interesting to note, though, 
that in a trial of stable coronary patients with silent isch- 
emia, patients randomized to receive aspirin or placebo — 
showed no decrease in silent ischemia (that is, there was 
no suggestion that there were platelet plugs or thrombi, or 
vasconstrictive substances released by platelets); so, you 
could make a strong case that aspirin would be useful in 
any unstable coronary syndrome where there is rupture of 
a plaque and platelets attaching to the vasculature, but 
apparently not in chronic coronary disease. ae 

Dr. Wong Shou Pang (Hong Kong): What makes you x 
feel that hypertrophic cardiomyopathy is more mechani- 
cal than arrhythmogenic, and would you be more liberal 
in recommending surgery in patients with hypertrophic’ 
cardiomyopathy if this is indeed the case? 

Dr. Oakley: I am not an advocate of surgery for hyper- 
trophic cardiomyopathy. Even the enthusiasts do not 
claim that there is any improvement in prognosis follow- 
ing surgery, or any reduction in sudden death; they admit 
an increase in the incidence of clinical heart failure after 
surgery. 

Speaker: In view of the paper published some years 
ago, suggesting that survival time is correlated with the 
concentration of circulating catecholamines (particularly 
norepinephrine), would you advise the use of a drug like 
labetalol, blocking o and 8 receptors in small amounts. 

Dr. Oakley: I would rather choose separate doses of o 


and £ blockers and be selective than use a drug with both . . S 
properties which was nonselective in respect of both thea 


and £ blockade, so I would not use labetalol but an ele- 
ment of a and 8 blockade may well be what is needed. 
Dr. Mcinnes (United Kingdom): In view of the fact 
that the vast majority of heart failure patients who are _ 
given diuretics do not become hypokalemic, how large a. 


problem do you think hypokalemia is? Is diuretic-in- - ur 


duced hypokalemia involved in the etiology of these ar- 
rhythmias? 

Dr. Oakley: | think that in general practice, diuretic- 
induced hypokalemia may be quite a problem. I believe 
that there is a considerable amount of diuretic abuse, not 
just confined to out-of-hospital practice, but also in the. 
hospital When we admit patients with heart failure 
whose condition has deteriorated, it is very often neces- 
sary to reduce their diuretic intake. I think in that context 
hypokalemia may be common. 1 agree with good prac- 
tice, which is using diuretics in low dosage and introduc- 
ing an angiotensin-converting enzyme inhibitor early 
which retains potassium. For many years the administra- 
tion of potassium supplements to patients in my unit has 
been totally forbidden. They are allowed to use potassi- 
um-sparing agents whenever necessary, but we do not 
ever use potassium supplements. 





Adaptive Changes in the Periphery and Their 
Therapeutic Consequences 


Helmut Drexler, MD, Thomas Münzel, MD, Urs Riede, MD, and Hanjórg Just, MD 


Systemic vasoconstriction in chronic heart failure is 
. due to several compensatory mechanisms with dif- 
^ ferent time courses. Peripheral vasoconstriction 
- mediated by increased sympathetic tone and acti- 
vation of the plasma renin-angiotensin system may 
-act primarily for short-term control. The effects of 


_ the vascular renin-angiotensin system, impaired 


/..flow-dependent, endothelium-mediated dilation (re- 
.. sulting from chronically reduced flow) and structur- 
al alterations of the vessel wall slowly emerge with 
time. In addition, fluid retention may contribute to 

`. increased vascular stiffness in chronic heart failure. 
Improved cardiac output with acute administration 
of vasodilators and inotropes is not immediately 
translated into increased blood flow to skeletal 
muscle, because (1) the reversal of the peripheral 


alterations described develops slowly over time (in 


|. fact, vasodilators and inotropes given acutely may 
; cause redistribution of blood flow in skeletal muscle 
without improving oxygen availability); and (2) in- 
. trinsic abnormalities of skeletal muscle exist in 
-chronic heart failure (e.g., due to chronic decondi- 
< tioning, resulting in reduced oxidative capacity of 
- ‘skeletal muscle, as suggested by ultrastructural 
analysis and nuclear magnetic resonance spectros- 
copy). Drugs that interfere with the underlying 
compensatory mechanisms (e.g., renin-angiotensin 
- system) without development of tolerance during 
. long-term therapy exert beneficial effects after 
long-term treatment (e.g., the beneficial effects of 
" angiotensin-converting enzyme inhibitors are, in 
. part, due to peripheral mechanisms——the inability 
of the peripheral vessels to dilate—and to improve- 
ment of peripheral oxygen extraction). 
(Am J Cardiol 1991;67:29C-35C) 
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of ventricular dysfunction in congestive heart failure 

(CHF) does not correlate with the severity of clinical - 
CHF. Whereas left ventricular dysfunction represents a 
major independent predictor of prognosis, the functional ` 
status of patients with CHF (e.g., as assessed by exercise 
testing) appears to be unrelated to indexes of left ventric- 
ular dysfunction (e.g., ejection fraction). Franciosa et al! 
first reported this lack of correlation between exercise 
time and left ventricular ejection fraction, which has since . 
been confirmed by several investigators.^? However, al- 
though vasodilators or positive inotropes cause improve- 
ment in central hemodynamics, exercise duration and 
maximal oxygen consumption do not increase immedi- 
ately after administration of these drugs. Thus, improve- - 
ment in central hemodynamics is not immediately trans- 


I: recent years, it has become obvious that the degree 


lated into enhanced exercise capacity in patients with » 


heart failure. Whereas drug therapy does not reverse a 


primary cardiac insult (e.g., development of left ventricu-. 


lar scar) it may modify the compensatory mechanisms 
that cause progression of cardiac failure, worsening of 
clinical symptoms and reduced exercise tolerance. Cardi- 
ac mechanisms such as ventricular dilation and hypertro- 
phy (including remodeling after infarction) are aimed to 


preserve systolic and diastolic function, thus maintaining = 


cardiac output. When cardiac output remains inade- 
quate, circulatory mechanisms emerge.* Systemic vaso- 
constriction is the hallmark of this second response, and is 
mediated by different mechanisms. 


VASCULAR ADAPTATION IN 
CHRONIC HEART FAILURE 
Zelis et al? noted that in patients with chronic heart — 
failure, the increase in blood flow to working muscle with . 
exercise is attenuated for each given work load compared 
with that in normal persons. Oxygen consumption at each: 
level of work was lower in patients with chronic heart 
failure and was accompanied by an early increase in 


plasma lactate concentration The reduced maximal ; 


blood flow to working muscle during exercise appears to 


be confined to oxidative working muscle, as suggested by ^. : 
the investigators’ recent studies (Fig. 1).5 Ina rat model 
of chronic heart failure, blood flow to glycolytic muscle — 


fibers was adequately increased with exercise. However, — 


the ability to increase blood flow to oxidative. working | 


muscle was impaired in this model of chronic heart fail- 


ure.® Thus, the percentage of total muscular blood flow | - 


directed toward glycolytic (fast twitch) muscle fibers is - 
increased. This máy indicate a redistribution of blood 


flow to working muscle during exercise to those muscle — 
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FIGURE 1. Redistribution of blood flow within skeletal muscle. 


Open columns, the sham-operated group; hatched columns, 


muscle and the red fibers denote the oxidative fibers. *p 
«0.05 vs corresponding sham value. (Adapted from Circula- 
tion.) 


‘fibers that are not heavily dependent on oxygen delivery 
in order to maintain force under anaerobic conditions. 

A number of mechanisms are involved in the impaired 
metabolic vasodilatory capacity within skeletal muscle in 
patients with CHF. First, excessive sympathetically me- 
diated vasoconstriction occurs in patients with CHF. 
Both neural and humoral mechanisms appear to be in- 
volved in this response, possibly with different time.’ Re- 
cent studies by Davis et al^? and Hasking et al? showed 
that increased spillover of norepinephrine and impaired 
norepinephrine clearance both contribute to elevated 
plasma norepinephrine concentration in CHF. It is likely 
that these mechanisms are primarily involved in the 
short-term control of vascular tone. Activation of the 
plasma renin-angiotensin system causes increased con- 
centrations of angiotensin II, exerting strong peripheral 
and renal vasoconstriction. However, increased plasma 
concentration of vasopressin, and possibly endothelin, 
may contribute to increased systemic vasoconstriction in 
patients with more severe CHF. 

Although these neural and neurohumoral! factors can 
exert potent systemic and regional vasoconstriction, they 
do not completely explain the impaired vasodilating ca- 

¿pacity within skeletal muscle in patients with chronic 
-heart failure. The early work of Zelis et al? and recently 
< confirmed by Le Jemtel et al!? (for large muscle mass in 


a ~ the exercising leg), indicates that this impaired metabolic 


-vasodilation during exercise cannot be restored by « 
blockade with phentolamine. However, angiotensin-con- 
. verting enzyme (ACE) inhibition does not restore im- 

paired metabolic vasodilation after acute administration 
of phentolamine, indicating that blockade of the plasma 
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renin-angiotensin system by ACE inhibitors does not in- 
terfere with blood flow to working muscle during exercise 
in patients with CHF.!'-? Thus, mechanisms other than 
direct vasoconstrictor forces of norepinephrine or angio- 
tensin IT must be involved in peripheral vasoconstriction. 
A vascular stiffness component has been proposed (e.g., 
owing to the increased vascular sodium content, which - 
may, in part, explain the attenuated vascular responsive- 
ness to metabolic stimuli).'? A recent study indicates that 
approximately one-third of the reduced maximal vasodi- 
lator response during exercise in patients with CHF can 
be attributed to increased sodium and water content. 
After substantial diuretic therapy in decompensated 
CHF, enhanced metabolic vasodilation was noted.^ 
However, experimental and initial clinical data suggest 
that other mechanisms, such as vascular structural alter- 

ation and chronic functional adaptations are important 


contributors to the impaired peripheral vasorelaxation in ^. 


CHF. 

Chronic vascular deconditioning may be one mecha- 
nism by which the vascular vasodilatory function is af- 
fected. Sinoway et al!> demonstrated that peak vasodila- 
tor capacity is higher in the active arms of tennis players 
than in normal subjects, and that improved vasodilator 
capacity can be induced by a training program.!6 Con- 
versely, a delayed reversal of impaired vasodilation in 
patients with chronic heart failure was observed after 
heart transplantation." Experimental studies by Langille 
et al!® showed that a chronic decrease of blood flow 
causes a reduction in arterial diameter. This decrease in 
vessel diameter was only observed when an intact endo- 
thelium was present. After endothelial denudation of the. 


vessel, no change in vessel diameter was noted after — 
chronic decreases in blood flow, suggesting that this ef- — 


fect is endothelium dependent. Recent experimental: 
studies by Kaiser et al!? demonstrated that endothelium- 
dependent relaxation is impaired in a canine model of - 


chronic heart failure. Conversely, chronic increase in... 
blood flow is accompanied by an enhanced capability of — 


the blood vessel to dilate?? due to an enhanced release of 


the endothelium-derived factor, believed to be nitric ox- — 
ide. Finally, endothelin,?! a recently discovered vasocon- > 


strictor synthesized by the endothelium, responds to the 


physiologic factors such as shear stress.?? Vascular gene > 


expression of endothelin is reduced in states of high blood 
flow.?? M 
Chronic deconditioning (accompanied by lower pe- - 


ripheral blood flow) may reduce endothelium-dependent __ 


vasodilatory capacity, eventually leading to a reduction in | 
vessel diameter. Recent studies indicate that flow-depen- 
dent dilation occurs in humans both in peripheral and _ 
coronary arteries.2?2^ The degree of vasodilation after _ 
maximal increases in blood flow (+350%) averaged 50 to 
60% of the maximal effect of high-dose nitroglycerin.” - 


However, several experimental studies showed that this — 


mechanism of vasodilation operates in resistance vessels 
as well25-?7 

However, experimental data support the idea that 
neurohumoral vasoconstrictors. such as angiotensin II, 
norepinephrine or endothelin may act, in addition to their 
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angiotensin 
that “acute” denotes 
tration of the ACE inhibitor in both groups (later allocated to 
ACE therapy or placebo). *p «0.05 corresponding control val- 
ue of the ACE group. (Adapted from Circulation.!?) 


d direct TETE effect, as growth factors which, in 
turn, may cause structural vascular changes of the vascu- 
<- Jar wall. Experimental evidence indicates that angioten- 
- sin II induces hypertrophy of cultured rat aortic smooth 
muscle cells.22 Angiotensin II and possibly endothelin 
- and norepinephrine appear to be involved in the activa- 
©: tion of proto-oncogenes. Evidence exists to indicate that 


_ the mas-oncogene encodes for an angiotensin-like recep- 


< tor,” suggesting again that angiotensin is involved in the 
.. proliferative process of tissues during growth (“endoge- 
-. nous growth factor"). Recent observations indicate that 
-ACE inhibition can reverse structural vascular alteration 
in a rat model of hypertension?? and these beneficial 
vascular effects appear to be more prominent with ACE 
„inhibitors than other antihypertensive drugs.*! We re- 
cently observed that acute ACE inhibition does not alter 
femoral blood flow during exercise in patients with CHF. 


— However, after chronic ACE treatment over 3 months, a 


- significant increase in femoral blood flow was noted (Fig. 
. 2).? Thus, chronic ACE inhibitor therapy reversed the 


'. inability of peripheral vessels to dilate. It is tempting to 


_ speculate that this effect was due to interference with the 
_ vascular tissue renin-angiotensin system, thereby revers- 
ing chronic structural alteration of the vessel. In fact, this 
mechanism of action would be consistent with the obser- 

«yation of the delayed beneficial effect of ACE inhibitor 

:: therapy. Whereas the reversal of vascular alterations 

"within working muscle may be emerging slowly over 
time, ACE inhibition does improve renal blood flow (and 


-.- reduces renal vasoconstriction) dramatically after short- 
- term administration of the ACE inhibitor. For example, - 
captopril increased renal blood flow by 60% in petente : 


Regional vascular compensatory 
vascoconstrictor mechanisms in CHF 


| 


3 Vascular stiffness: | 
sodium content of vessel 


4 Endothelium-dependent 
vasoditationy.Secondary to 
chronic reduced flow 

5 Structural vascular alterations | 


FIGURE 3. Possible mechanisms involved in the regional vas- 
cular responses in patients with chronic heart failure. CHF = 
congestive heart failure. 
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with severe cardiac failure.*3 Obviously, different mecha- 

nisms (with different time courses) control different vas- 

cular beds. The renal circulation may depend more on 

mechanisms that can adapt immediately to intervention 

(e.g., with ACE inhibitors), in contrast to the vascular 
bed of skeletal muscle. The different vascular mecha- 
nisms proposed are seen in Figure 3. 


INTRINSIC ALTERATIONS OF SKELETAL 
MUSCLE IN CHRONIC HEART FAILURE 

As mentioned, there might be a shift from oxidative 
skeletal muscle to activation of more glycolytic working 
muscle fibers. This may indicate a change in the proper- 
ties of the skeletal muscle itself. Interestingly, oxygen - 
uptake of skeletal muscle during exercise cannot be im- 
proved in patients with chronic heart failure even when 
oxygen delivery is enhanced. Wilson et al?^ reported in- 
creases in blood flow to the exercising leg after adminis- 
tration of hydralazine as measured by thermodilution in 
the femoral vein.?* However, it can be argued that this 
method determined blood flow in exercising skeletal mus- 
cle and inactive tissues. Other researchers did not observe 
an improvement in maximal blood flow to skeletal muscle 
during exercise. To investigate this issue further, 
Drexler et al determined blood flow to working muscle 
during exercise in the rat model of myocardial infarction 
and failure. Using the microspheres technique, this re- 
search team determined the blood flow to different mus- 
cles directly. Although milrinone increased peak blood 
flow to working muscle during exercise, peak oxygen 
consumption was not altered. Thus, despite improved 
oxygen availability, oxygen uptake was unchanged. This 
observation suggests shunting of blood flow away from 
active muscle or intrinsic alterations of skeletal muscle in 
chronic heart failure, or both. Studies using different 
experimental methods to measure blood flow have sub- 


tantiated the latter hypothesis. Histologic examination of 


skeletal muscle revealed atrophy and increased intersti- 
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FIGURE 4. Femoral oxygen extraction in patients given place- 
bo or angiotensin-converting enzyme (ACE) inhibitors. 
“Acute” indicates that the ACE inhibitor was given acutely in 
both the placebo and ACE group. *p <0.05 vs the corre- 
sponding control value of the ACE group. tp <0.01 for long- 
term treatment effects of placebo vs ACE inhibitor (Adapted 
from Circulation.’ 


- tial cellularity as well as biochemical alterations of the 
skeletal muscle.” Ultrastructural analysis of skeletal 
muscle biopsy specimens has shown a reduced oxidative 
capacity of the muscle as indicated by a reduced volume 
density and reduced surface area of the cristae of mito- 
chondria. In fact, a close relation has been found between 


- the oxidative capacity of working muscle and the peak 


oxygen consumption during exercise.) Thus, the func- 
tional capacity (also known as the exercise capacity) may 
be, in part, determined by the condition of the working 
muscle. Previous studies have documented that the rela- 
tion of maximal oxygen consumption and oxidative ca- 
pacity of working muscle holds true, when investigating 
the oxidative capacity of skeletal muscle of sedentary and 
exercise-trained persons.>’38 Recent experimental stud- 
ies indicate that the muscles' aerobic capactiy is propor- 
tional to maximal oxygen consumption.?? Similarly, bio- 


-chemical analysis confirmed the investigators’ ultrastruc- 


tural data; i.e., enzymes involved in aerobic metabolism 


(e g., succinate dehydrogenase or citrate synthetase) were 


reduced in patients with chronic heart failure.°*+! The 
pattern obtained by nuclear magnetic resonance spectros- 
copy is consistent with these ultrastructural and biochem- 
ical observations." The intracellular pH values during 


exercise are much lower for a given work load in patients 


with severe heart failure. Moreover, during exercise, the 
concentrations of plasma inorganic phosphate and phos- 
.phocreatinine decreased much faster in patients with 
heart failure than in normal persons.) Subsequent 
studies have excluded the possibility that these changes 
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can be explained by different rates of blood flow to work 

ing muscle during exercise.*4-46 ' Although the mechanism 

for these alterations in skeletal muscle in patients with 
chronic heart failure is unknown, several potential mech- 

anisms may be involved. Besides metabolic and nutrition- 
al influences, such as alcohol intake," histologic and ul- 
trastructural alterations in cardiac and skeletal muscle. 
may be present in patients with idiopathic dilative cardio- 
myopathy as reported recently.** However, alterations in 

skeletal muscle have been found in patients with coronary 

artery disease (without peripheral vascular disease), 

which cannot be explained by a common systemic cause 

or disorder. Experimental and clinical studies have dem- 

onstrated that deconditioning, (e.g., stopping intense = 
training in athletes) results in a substantial decrease in. 


the concentration of oxidative enzymes within skeletal — 
muscle.*?59 Hence these intrinsic alterations may bedue, — 


in part, to chronic deconditioning of working muscle simi- 


lar to the regression seen in athletes on stopping training. — 


Studies to prove or exclude this possiblity are being con- 
ducted. Other contributory factors may be involved in 
these alterations of skeletal muscle, such as reduced blood 
flow (at least intermittently) or activation of the sympa- 
thetic action of the renin-angiotensin system, or both. In. 
terms of reduced blood flow as a contributing mecha- 
nism, the energy status of cardiac muscle is closely cou- 
pled to myocardial blood flow.5! Repeated episodes of ` 
reduced blood flow within skeletal muscle (e.g., to oxida- 
tive skeletal muscle only) may be involved in the hypothe- 
sized deconditioning process of skeletal muscle. Regard- 
less of the potential underlying mechanisms previously 


discussed, there is evidence that these peripheral alter- 
ations of skeletal muscle are reversible. An intensive exer- — 


cise training program, as well as treatment with ACE | 


inhibitors, increases femoral oxygen extraction after 


long-term therapy (Fig. 4). It is tempting to speculate _ 
that these interventions improve oxidative capacity of 


working muscle. Combined improvement in femoral 


blood flow and in physical activity could account. for hs E : 
increased peripheral oxygen extraction. !? : 


CLINICAL IMPLICATIONS m 
The marked improvement in cardiac output alil fl- ; 
ing pressures observed after treatment of patients with 


inotropic and vasodilating agents has prompted-ọptimis- 


tic expectations that these improvements can be trans- 


lated into beneficial long-term effects. However, most — 
vasodilators or positive inotropic agents investigated 5 
failed to demonstrate such a sustained beneficial effect, ^ 








even though some of these agents exert marked hemody- 


namic effects. Conversely, drugs that interfere with the — — 
underlying compensatory mechanisms in chronic heart — 


failure (without development of tolerance) exert benefi- 


cial long-term effects as seen, e.g., with ACE inhibitors. 4 


These are, in part, related to their ability to reverse some 
of the peripheral abnormalities in patients with heart. 
failure. It is also of interest that other vasodilator drugs i 
that are likely to elicit beneficial long-term. effects in 
chronic heart failure, act both as venous and arterial 





vasodilators (e.g., nitrates or, potentially, flosequinan). 
Finally, prolonged immobilization of patients with severe 
. chronic heart failure has been advocated and this strategy 
-< is still widespread; in fact, restriction of physical activity 
1:35 still recommended as a first step in treating patients 
"with CHF.?? However, patients with chronic heart failure 
often adapt their life style to a level of physical activity 
that is not associated with symptoms of heart failure. 
Further “prescription” of limited exercise may be disad- 
vantageous with regard to peripheral adaptations. If the 
hypothesis previously outlined can be confirmed, the 
strategy of restricting physical activity may be ques- 
tioned. This may be particularly true, if an effective 
therapy (e.g., ACE inhibitors) is initially instituted. Con- 
- -trolled physical activity may prevent peripheral decondi- 
z tioning. However, until such an approach can be recom- 
ended; much basic and clinical research has to be done, 
nd not all patients with heart failure can undergo inten- 
exercise both for safety and practical reasons. 
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DISCUSSION 

Dr. Hori (Japan): A recent study demonstrated that 
angiotensin II induced growth of vascular smooth muscle 
cells. If your hypothesis is correct, then angiotensin in- 

,. duces chronic hypertrophy and enhances vascular con- 

striction. Do you have any idea as to whether endotheli- 

. um-derived relaxing factor blocks hypertrophy or vascu- 
lar smooth muscle? 

Dr. Drexler (Freiburg, Federal Republic of Germa- 
ny) There are no data available so far. I agree that 

-angiotensin is obviously a growth factor and probably a 
very important one in the vascular wall. Langille et al! 
have shown that denudation of the vessel results in struc- 
tural changes in the vascular wall. In my view this indi- 
cates that the endothelium is important in mediating 
changes in the vessel wall. Whether the changes are endo- 
thelium dependent in terms of endothelium-derived re- 
laxing factor is a matter for debate. A recent report 
suggests that nitric oxide-generating vasodilators inhibit 

^ mitogenesis and proliferation of cultured rat vascular 
smooth muscle cells. 

Dr. Parmley (San Francisco, California): How would 
you interpret data concerning intermittent dobutamine 
treatment where it appears that patients receiving the 

"drug seem to have an immediate increase in exercise 
tolerance which is sustained over a period of time after 2 
to 3 days of infusion. 

E: ‘Dr. Drexler: In patients receiving dobutamine thera- 
py, blood flow cannot be improved acutely. However, 
blood flow can be improved over a number of days. We 

_ have looked at 8 receptors in the skeletal muscle of pa- 

"tients with. heart failure and could not find any down- 

regulation. It might be that the muscle is degenerating. 

:: Dobutamine has 8;-adrenergic activity, and changes in 

blood flow and cardiac output which may occur as a 
result of dobutamine infusion would be due to the fact 
that there is no down-regulation of the central receptors. 
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Finally, I am not aware of a placebo sontralld audy 
showing a definite beneficial effect of i intermittent dobu- 
tamine. 

Dr. Barnett (Leicester, United Kingdom): Has any- 
body conducted experiments on blood flow, and treated 
the reduced flow with nitrates, to try and replace the 


endothelium-derived relaxing factor? There is good evi- : 


dence to show endothelium-derived relaxing factor re- 
sponse is desensitized if chronically treated with nitrates. 
Can you show that the treated tissue is less responsive to 
endothelium-derived relaxing factor-induced vasodilata- 
tion? In other words, is there some factor in chronic flow 
reduction that desensitizes the response to endothelium- 
derived relaxing factor resulting in a fixed constricted z 
artery? 


Dr. Drexler: We know that chronic flow reductie e 
causes changes in the diameter of blood vessels, and that — 
increased blood flow results in an increased release of 


endothelium-derived relaxing factor. It is also known that: 
endothelium-dependent relaxation is reduced in chronic 
experimental heart failure. The underlying cause of heart 
failure is unknown, although the findings I have referred — 


to suggest that reduced blood flow may bea contributing — 
factor. Reduced blood flow results in a chronically de- . 


creased shear stress, which is believed to be a major 
stimulus for the release of endothelium-derived relaxing. 


factor. To date, no studies have investigated the effect of 


therapy on endothelium-dependent mechanisms during 
heart failure. 

Dr. Barnett: What you are saying is that if blood flow 
is reduced, endothelium-derived relaxing factor is re- 
quired to counteract the reduced flow by maintaining the 


caliber of the vessel. There is presumably a balance be- - c 


tween blood flow and other stimulatory factors, including. 


endothelium-derived relaxing factor, which keepstheves- — 


sel dilated. If blood flow is reduced chronically and more 


endothelium-derived relaxing factor required to counter- —— 


act this, either the response is desensitized or reduced - 


quantities of endothelium-derived relaxing factor is pro- 2 | v 


duced. 


comes increasingly unable to exercise; therefore, there is. 


both a training effect and an effect which might arise if — — 
heart failure and the delivery of oxygen to the exercising. 
muscles improved. It is not easy to measure blood flow to. 
exercising muscle, and I think that most of theagentsthat — 


improve the patient's condition may not improve the — 
blood supply to exercising muscle very much. Certainly a 


patient can exercise more shortly after transplantation. I - n 7 
suspect that biochemical changes in the muscle are re- 


versible, and certainly the changes to the mitochondria : : : 
are very likely to be quickly reversible. =-= i 
Dr. Drexler: In terms of the model with cardiac trans- 


plantation, an improved exercise capacity can be demon- ' P 
strated very shortly after transplantation, but if these. 


patients are followed over time the exercise capacity con- 
tinues to improve dramatically. Thus, exercise capacity is 
















Dr. Oakley (London, United Kingdom): I find it diffi- oUm 
cult to believe that the changes in skeletal muscleare not — — 
the combined result of reduction in blood flow and decon- — 
ditioning, because if the patient cannot exercise he be- — 


not o! chanaed acutely. Itry to convince people that: a great E = 
^ people. for a bug time. 
r. Oakley: I think all this interest in skeletal muscle = 


- deal can be attributed to training. 









, but changes in skeletal muscle are a consequence 
_ of the poor blood supply and deconditioning. If central 
- hemodynamics are changed for the better, then the pa- 
. tients will be able to exercise more, partly immediately, 
- and then further as a result of the effects of training. That 
is obvious even without all this research. 
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Assessment of Exercise Tolerance i in Chronic 
- Congestive Heart Failure | 


Alain Cohen Solal, MD, and René Gourgon, MD 


In patients with chronic heart failure, exercise ca- 

_. pacity is poorly related to cardiac hemodynamics, 

; and peripheral circulation is an important determi- 
nant of exercise tolerance. The ability of the muscle 
vasculature to dilate is markedly impaired, in part, 


/. because of exaggerated neurohumoral activity in- 


_ ereasing vascular wall stiffness. For this reason, in- 
D creasing cardiac output is not sufficient to increase 


.. ducibility of exercise tolerance assessed by maxi- 
ee a elabi 
load (particularly on a treadmill) has led to wide- 


spread measurement of respiratory gas during ex- 


ercise. Peak oxygen consumption (peak VO;), even 


it it is symptom-limited, has been shown to be a 


very reproducible criterion of exercise tolerance; 
moreover, because VO; is the product of cardiac 
-output and arteriovenous oxygen difference, it also 
. has a qualitative hemodynamic significance. Venti- 
;; latory threshold can be determined before maximal 
exercise; however, problems of determination limit 
| the practical value of this criterion. Unfortunately, 
peak VO; lacks sensitivity to detect minor improve- 
ment or impairment of symptoms during daily life, 
although these are significant to the patient. Sub- 
maximal exercises have been proposed for this pur- 
pose and are currently being evaluated. 

(Am J Cardiol 1991;67:36C—40C) 
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fy myocardial ischemia, but its realization in chron- 

ic congestive heart failure (CHF) has long been. 
limited to therapeutic trials! The rationale for wide- 
spread use of exercise tests in these patients is based on . 
the poor relation between central hemodynamics andex- — 
ercise tolerance, and the limitations of assessing function- — 
al state using the New York Heart Association (NYHA) : 
criteria. However, the reliability and reproducibility of ^ 
the usual criteria of exercise tolerance (maximal dura- S 
tion, maximal work load) not being perfect, physicians. 
have looked for new methods to assess exercise tolerance _ 
objectively, namely, by respiratory gas analysis.^^ 


E xercise testing is often used in cardiology to quanti- 





REASONS FOR PERFORMING EXERCISE 
TESTS IN CONGESTIVE HEART FAILURE 

The reasons for performing exercise tests in CHF are : 
twofold: (1) the relation between central hemodynamics - 
and exercise tolerance is poor, and (2) the NYHA classi- |. 
fication lacks sensitivity. The poor correlation between 25 
exercise tolerance and central hemodynamics results E 
from the general observation that functional impairment © 
and reduced exercise tolerance are the direct conse- 
quences of circulatory dysfunction. If cardiac dysfunction o 
is the main determinant of this circulatory failure, itisnot — 
the only determining factor; pulmonary, vascular and — 
muscular abnormalities cannot be underestimated (Fig. — 
1). Symptoms of circulatory dysfunction during exercise ——— 
consist of fatigue or dyspnea, or both. Dyspnea results ——— 
from complex mechanisms, essentially anincreaseincap- ——— 
illary wedge pressure, in physiologic dead space, periph- B 
eral muscle underperfusion and perhaps respiratory mus- — 
cle fatigue?; fatigue is the consequence of reduced muscle 
blood flow and abnormalities in muscle metabolism. 2. 
Several studies have consistently shown that resting ejec- —— 
tion fraction, cardiac output or pulmonary wedge pres- — 
sure correlate poorly with exercise tolerance.^^? Indexes 
of diastolic dysfunction of the left ventricle are a little E 
better correlated with exercise duration.? These discrep- 
ancies can be explained first by the fact that the afore- — — 
mentioned criteria measured at rest do not always corre- —— 
late with exercise criteria because of the existence ofa — 
cardiac reserve, and second because peripheral adapta- us 
tion is underestimated. Various studies performed in the — 
last few years have shown that exercise tolerance is at _ 
least as dependent on peripheral circulation as it is on 
cardiac function.!0-!4 d 

The second reason for performing exercise. tests is s the Hx 
subjective and nonparametric nature of the NYHA clas- Ue 
sification. There is clinical evidence that. patients in 


















NYHA class IV are well categorized by a questionnaire 
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_ FIGURE 1. Limitation of oxygen transport during exercise in 


chronic heart failure. Cardiac failure leads to abnormalities in 


V/P mismatch 


of the peripheral circulation are a major deter- 
|; minant of exercise tolerance. The inability of the peripheral 
: dilate normally during exercise is the main factor 


ut their symptoms; for these patients, exercise testing 
provides complementary information. However, dis- 
rimination between class II and III is more difficult (Fig. 
2) t of the patients are in these categories and small 
but clinically important changes in functional status may 
.. not be detected. Interobserver variability in classifying 
patients within these classes is important. Therapeutics 
can modify this evaluation; how does one classify a previ- 
usly asymptomatic patient in whom pulmonary edema 
develops? In recent years various questionnaires have 
been proposed in order to improve the assessment of the 
_ functional state, but they are still highly dependent on 
subjective considerations.!5.!6 


RATIONALE FOR RESPIRATORY GAS 
-. ANALYSIS DURING EXERCISE IN PATIENTS 
WITH CONGESTIVE HEART FAILURE 
The usual criteria for the determination of exercise 
. tolerance have limitations; first, the protocol has a signifi- 
.. cant influence on the results of the test. Treadmill exer- 
` cise mimics usual activities but is not widely used in 
< continental Europe. The most important limitation of this 
. technique is that it is difficult to rely on the predicted 
work. Nomograms are derived from data obtained in 
` normal subjects; mechanical efficiency is dependent on 
‘body weight and work load can be affected by the subject 
- holding on to the exercise rail, or by the way the subject 
moves on the treadmill. Bicycle ergometers also have 
_ disadvantages, as exercise is nearly always limited by 
fatigue of the quadriceps, and obese patients are at an 
dvantage using this technique. However, when measur- 


.. ing oxygen uptake, this method yields fewer artifacts. It is- 
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FIGURE 2. Limits of the New York Heart Association (NYHA) | 
classification. The NYHA classification (x axis) is subjective, 
nonparametric and lacks sensitivity. If patients with the most 
severe congestive heart failure (class IV) are generally ade- 
quately categorized, there is a considerable overlap in maxi- 
mal oxygen uptake (VO2max) between class Il and HI. 


accepted that each protocol should consist of long stages 
built up over a number of short increments. Patients with 
severe heart failure, however, have a very slow metabolic 
and hemodynamic response to exercise and sometimes 
never reach a steady-state at any stage. In normal sub- 
jects, exercising for longer than 15 minutes leads to bore- 
dom!7; the same is probably true of patients with CHF. It 
appears that a ramp protocol with small increments (e.g, 
10 W /min) was better tolerated and yielded fewer venti- 
latory or electrocardiographic artifacts than longer proto- 
cols. Finally, differences in the design of protocols make 
the comparison of results from different studies difficult. 
The second limitation of conventional criteria for the- 
determination of exercise tolerance is that exercise dura- 
tion is dependent on the patient's motivation; the subjec- ` 
tivity of the physician may also influence the results. - 
Work efficiency may vary from one patient to another 
and it is speculative to estimate oxygen uptake from work — 
performed (Fig. 3). Finally, it is questionable to perform 
uncontrolled therapeutic trials in patients with CHF 


without respiratory gas analysis, particularly in those in. 


NYHA class II. It is impossible, in the presence of a 
reduced exercise duration, to be sure that the reason for 
discontinuing exercise is circulatory failure and not poor 
motivation, deconditioning or respiratory insufficiency 
For all these reasons, respiratory gas analysis during _ 
exercise has been advocated in patients with CHF. Oxy- 


gen uptake (VO) is the product of cardiac output by 
arteriovenous difference for oxygen; maximal oxygen up- 
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FIGURE 3. Oxygen uptake during bicycle exercise in patients with 





heart failure (CHF). There is a wide range of VO; 


congestive 
values within each group which prevents any indirect estimation of VO? without respiratory gas analysis. Patients in class A 


(peak VO; «20 mi/min/kg) are not different from the control group (C) at identical work loads. However, Paints eA © 


the severity of congestive heart failure increases from A to C-D. (Personal data.) 


take (VO.max) is the maximal value of VO; reached by a 
normal subject. VO.max represents the maximal capaci- 
ty of the body to transport oxygen to the tissues and to use 
this oxygen during exercise. VO.max has been defined as 
a plateau in the increase in VO» at the end of the exercise. 
For this reason, VO.max is easy to determine and its 
reproducibility is impressive in normal trained subjects. 
As maximal arteriovenous difference for oxygen does not 
differ greatly between normal subjects, VO;max has 
been shown to be closely related to maximal cardiac 
output. Oxygen uptake, carbon dioxide production 
(VCO;), minute ventilation, breathing rate and other 
respiratory measures can now be easily measured on-line, 
by modern analyzers, without significantly increasing the 
duration of the test. 

It was hoped that VO2max in patients with CHF as in 
normal subjects would be an objective and very reproduc- 
ible criterion of exercise tolerance, independent of the 
patient's motivation. Unfortunately, patients with CHF 
rarely reach a true VO;max; so, the maximal value of 
VO); obtained, called peak VO», is symptom-limited and 


--- thus is not independent of the patient's motivation. It is 
t: now well known that in patients with CHF, peripheral 


circulation is the limiting factor of oxygen transport and 


«s peak VO» appears to be related more to peak muscle 

-~ blood flow than to maximal cardiac output. Nevertheless, 
... we believe that peak VO», although symptom dependent, 
is the most reproducible criterion of exercise tolerance in 
— CHF (Fig. 4).!8!9 As such, it permits categorization of 
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patients in a more objective and parametric way than is is 
provided by the NYHA classification or the maximal 
exercise duration. Patterson et al? and more recent 
Franciosa? and Weber et al,? proposed classifying th 


functional capacity of patients with CHF by their — 


VO;max into 4 classes: (1) VO»max 220 ml/min/kg; (2) 
VO max 16 to 20 ml/min/kg; (3)VO;max 10 to 16 ml/ . 
min/kg; and (4) VO;max «10 ml/ min/ kg. Other limita- 
tions come into play for the expression of peak VO»; — 
indexation of VO; by body weight alone is unsatisfactory; i 
age, gender and fitness should be taken into account. 


Finally, one should determine if peak VO; is really inde- 
pendent of exercise protocol (treadmill or bicycle, slow or 


rapid protocols). 


To overcome these limitations, Wasserman et apt 2 
proposed an index of exercise capacity that seemed tobe- _ 
independent of the patient's motivation, making the in- — 
dex objective and reproducible, without necessitating —— 


achievement of a maximal exercise: the anaerobic thresh- a 
old. The anaerobic threshold has been defined as the. 


point at which plasma lactate concentration increases  . - 


during incremental exercise. This lactate threshold is 


thought to result from a transition from aerobictoanaer- 
obic metabolism in the peripheral muscle during exercise — — 
because of limitation of oxygen transport. The buffering Uu 


of plasma lactate during exercise leads to an increase in. 


CO; production, an increase in ventilatory drive and an 
increase in the respiratory exchange ratio (R = VCO;/ — D 


VO), making it simple; in normal subjects, to determine ` 












voa i ventilatory threshold closely related to the lactate 
threshold by respiratory gas analysis. However, consider- 
_ able criticisms have been addressed to this concept; it is 
now widely accepted that a nonlinear increase in plasma 
-lactate concentration or ventilation results from far more 
~ complex mechanisms than simply from a shift in metabo- 
lism.22 Nevertheless, even if some controversies persist 
_. concerning the temporal relation between the lactate and 
the ventilatory thresholds, and the interobserver agree- 
.. ment in determination of the ventilatory threshold,” it is 
- generally assumed that this noninvasive index is an im- 
. portant criterion of exercise tolerance in normal sub- 
TE _ jects. 24 
In patients with CHF, Weber et al? and other investi- 
gators??56 emphasized the value of the ventilatory 
... threshold. Wilson et al?’ reported more pessimistic re- 
sults. The first criticism against the use of ventilatory 
- threshold in CHF is that, because of the ventilatory pat- 
ern of patients with CHF, a clear ventilatory threshold is 
... sometimes difficult to detect; moreover, in patients with 
... Severe CHF or with marked deconditioning, a progressive 
-increase in lactate and in VCO) is observed from the 
beginning of exercise, invalidating the concept of an “an- 
|. aerobic" threshold. The VO; French Study Group!? has 
|... Shown in a multicenter study that ventilatory threshold 
ean be determined during exercise in up to 75% of pa- 
tients with mild to moderate CHF; however, inability to 
determine ventilatory threshold in the remaining 25% of 
jents presents a serious limitation to widespread use of 
criterion as a primary end point in therapeutic trials. 
oreover, interobserver variability in the determination 
|. of ventilatory threshold cannot be ignored. Finally, repro- 
... ducibility of ventilatory threshold measurements is inferi- 
or to that of peak VO;.!4 
o c Nevertheless, determination of the ventilatory thresh- 
S old can potentially be used as an index of patient motiva- 
. tion; failure to reach the ventilatory threshold strongly 
. Suggests a poor motivation or a noncardiovascular limita- 
tion of exercise tolerance. Assessment of peak VO; alone 
can be misleading; change in peak VO; without change i in 
the ventilatory threshold suggests an alteration in patient 
motivation rather than a change in functional capacity. 























PERSPECTIVES . . 
Computerized analysis of the VO2/VCO, relation 
could improve the accuracy in the detection of the ventila- 
. tory threshold.?8 As peak VO; is symptom-limited, Buller 
` et al suggested extrapolation of VO.max from a comput- 
erized analysis of the VO;/ VCO) relation? Finally, 
the slope of the oxygen uptake/time response curve dur- 
ing exercise has been proposed as a simple index of work 
efficiency: the greater the reduction in the slope, the 
higher the degree of anaerobic metabolism involved and 
the greater the severity of circulatory failure (Fig. 3).? 
An important limitation of classic incremental exer- 
-cise testing is that it does not really mimic the daily 
activities of the patients under observation. Obese women 
-.. and patients with severe CHF are often poorly motivated 
- -or frightened by a maximal exercise test. Moreover, itis 
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FIGURE 4. Reproducibility of peak oxygen uptake (peak VO2) 
during bicycle exercise in patients with CHF. Despite the fact 
that it is symptom-limited, peak VO; is a highly reproducible 

criterion of maximal exercise tolerance. ; 


now clear that improvement in functional status and i in 
peak VO; does not always occur together. A decrease in 
pulmonary congestion or an increase in cardiac output 
during submaximal exercise allows a marked improve- 
ment of symptoms without an immediate increase in peak 
VO;; improvement of the peripheral circulation is a long- 
term process and is delayed compared with the improve- 
ment of cardiac function. For these reasons, submaximal. - 
tests have been proposed. Constant submaximal work 
load bicycle exercise tests have been studied by different 
groups.*°-32 However, the end point of these exercises 
remains to be defined?*; for aerobic exercises, duration 
can be unlimited. In most other protocols, a regular in- 
crease in plasma lactate concentration is observed from 
the beginning of exercise and the test is rapidly stopped, 
suggesting that reduced muscle blood flow is the limiting 
factor. However, it is difficult to standardize these proto- 
cols. Finally, because respiratory gas analysis is still ex- 
pensive and uncomfortable for some patients, the walk 
test should be considered?*; it has been shown to be well 
tolerated in patients with CHF, but more studies are 
required to assess the value of this method. 


CONCLUSION 

Exercise testing is a useful tool for assessing the sever- 
ity of CHF and the evaluation of therapeutics in CHF. 
Measurement of gas exchange permits greater under- 
standing of the pathophysiology of the symptoms and 
provides a more objective method of assessing responses 
to pharmacologic interventions. However, exercise test- 
ing, even with respiratory gas analysis, is not the pana- 
cea, and more studies are required to improve the crite- 


ria of evaluation of the functional state of patients with = 


CHF. 
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Assessment of Quality of Life 
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 Rsssssmuent of quality of life has emerged In recent 

` years as an important part of the overall evaluation 

- of drug therapy and health care in general. Mea- 

| surement techniques for this difficult assessment 

. range from simple unqualified questions on patient 

. well-being to complex statistical analyses of a wide 

range of lifestyle and activity variables. The factors 

.. that influence quality of life during chronic drug 

- therapy differ in the treatment of symptomatic 

_ (e.g., heart failure) vs asymptomatic (e.g., hyper- 

. tension) disease, and include drug side effects, re- 

- lief of symptoms, improved prognosis, return to 
ork, physical activity and the need for further 















. hospital treatments. The manifestation of quality of 
fife varies for different people leading to lack of 
agreement on the precise definition. The absence of 

. standardization of methods of measurement also 

: contributes to this and leads to lack of comparabil- 








A life year (QALY) index, designed to take account of 
both the quality and duration of life in assessing the 
‘outcome of treatments, may avoid some of these 
` problems. By classifying illness states (the Rosser 
` index) on the basis of disability and distress, and 
comparing outcomes in terms of improved progno- 
sis, QALYs have already been used for cost/benefit 
. analyses of a number of new and expensive thera- 
pies. Like other methods, QALYs have problems 
related to variability in individual appreciation of 
life values. To date, a perfect method of quality of 
f ito assessment remains elusive. 
(Am J Cardiol 1991;67:41C—44C) 
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quality of life (QOL) assessment indicates the im- 

portance of this concept in the field of health. 
care. In particular, QOL assessment has emerged in re- 
cent years as an almost essential part of the evaluation of 
new drugs from the point of view of their effects on both | 
the patient and the economics of the community. The 
recent appreciation of the relevance of QOL measure- 
ments relates to the changing patterns of disease in West- _ 
ern society and to a shift in emphasis in the aims of. 
treatment from concerns over acute and immediately life- — 
threatening conditions to the management of chronic, 
slowly progressive, degenerative diseases. 


A rapidly growing body of published reports on 


DEFINITIONS 
The degree of interest in QOL has not been matched 
by a commensurate level of expertise in its measurement. 
Methods of assessment range from simple unqualified - 
questions on patient well-being to complex statistical — 
analyses of a wide range of lifestyle and activity variables. . 
The difficulties that are experienced in measuring 2 
QOL stem from the lack of an adequate definition, as 
QOL manifests itself differently to different people at. 
different times, and is different for various diseases. How- 
ever, various terms that relate to QOL, some of which are _ 
objective and others that are dependent on variable sub- * 
jective assessment, need to be defined: 


Health—a hypothetical state without agreed defini: 
tion dependent on social and economic factors. 


Disease—labeling and diagnostic categorization Sn 


based on objective pathologic clinical criteria. 

Illness —subjective perception by a patient of unusu- 
al/unpleasant feeling that may lead to differential behav- 
ior patterns. 

Sickness—behavioral patterns used to indicate the — 
presence of illness (e.g. seeking medical help, going to bed 
to rest, staying away from work). 


It follows from these definitions that there will be. 
considerable variation in the assessemnt of the impact of — 
disease on different subjects. Thus, a person can feel ill 


and manifest sickness behavior without having a disease — 


in the true sense. Conversely, an individual may feel well 


while still harboring a disease process or stoically resist — 


manifesting sickness behavior despite feeling very ill. 


FACTORS INFLUENCING QUALITY OF LIFE 
Symptoms and adverse effects: QOL assessment is 

highly dependent on the nature of the underlying disease 

process, in particular, whether it is symptomatic or 


asymptomatic (Table I). Thus, in an asymptomatic con- 
- dition (e.g., hypertension) the impact of the side effects of 


the drugs used will have a significant influence on QOL. 
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.| TABLE I Quality of Life Assessment 
Risk 






| Condition |. Benefit 


; ; E Asymptomatic (eg. Early death improved prognosis, 









hypertension) drug side effects, longer life, 
disability (e.g., decreased risk of 
stroke) disability 
Symptomatic (e.g. ^ Early death, improved prognosis, 
heart failure) severe symptoms reduced symptoms 
dyspnea, fatigue, 
drug side effects, Getting back to work, 






loss of earnings, improved social life 


social problems 






Thus, the recent Medical Research Council trial in 
asymptomatic hypertension found no reduction in overall 
... mortality and only a small benefit in terms of the number 
of strokes in the actively treated group.! An important 
_ discussion point to arise out of this trial has been the 
relation between the magnitude of this modest benefit 
and the cost of treatment, both in terms of economic costs 
to the National Health Service and in terms of drug side 
effects experienced by the patients.” Over the years of the 
. Medical Research Council trial 16% of patients receiving 
active treatment withdrew because of adverse effects re- 
sulting from drugs used in the trial (bendrofluazide and 
propranolol) including gout, impotence, lethargy, nausea 
. and headaches. In addition, an increased incidence of 
symptoms of depression has been noted in patients treat- 
ed for mild hypertension and this has also been associated 
with an increased use of tricyclic antidepressant drugs.? 
This latter effect represents a significant impairment of 
© QOL whether it is a direct consequence of treatment with 

tricyclic antidepressants due to the treatment of hyper- 
tension or related to psychologic factors associated with 
the patients' awareness of the diagnosis. 

Conversely, when treating a symptomatic condition 
(e.g., heart failure or angina) the adverse effects of thera- 
py (drugs or surgery) are set against the alleviation of 

< distressing symptoms. The overall effect of treatment on 

QOL will therefore be appreciated by the patient as a 

balance between these 2 factors. Thus, patients with ma- 

- jor cardiac disease often experience severe fatigue, which 
results in a significant reduction of everyday activities 
_ often leading to reduced emotional well-being and disrup- 
. tion of family relations. Successful treatment, either med- 
ical or surgical, will be readily appreciated by the patient 

-< as directly contributing to improved QOL.4 
; Patients’ tolerance of drug side effects is dependent on 
-many factors including an appreciation of potential long- 
term benefits (e.g., reduced likelihood of disability or 
-early death). However, there are limits to this tolerance, 
and much to the surprise of many physicians, some pa- 
tients prefer to take their chances on a potential future 
.. hazard rather than endure adverse reactions to drug ther- 

apy. while they. “feel well.” 














Gender/age and cultural background: A number of 


innate and environmental factors influence individual 
“perception of disease and the manifestations of sickness 
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behavior. These factors may be “biologic” but are more 
often psychologic, e.g, the “reduced” appteciation of pain 
in men that is often related to the male perception of 
being the “stronger” sex. Ethnic and cultural differences 
may be more complex. Thus, different cultural groups 
will vary considerably in their reporting of symptoms- 
because previous experience of disease processes and ex- 
pectations of health are very different between different — 

countries.) These factors may complicate QOL assess- 
ment when close-knit ethnic groups form part ofa clinical 
drug trial outside their normal environment (e.g., immi- 
grant populations). Therefore, it is important that the 

methods of QOL assessment are applicable across differ: 
ent ethnic groups in order to avoid potentialerrors. —— 


METHODS OF QUALITY OF 2 
LIFE ASSESSMENT Fa 
Most QOL assessment depends on the use of question- — 
naires, the design of which is obviously dependent on the 
aspect of QOL being investigated. Thus, in a disease- 
oriented approach, questions of medical relevance relat- 


ing to symptoms or objective evidence of limited function | 


will be used. If there is to be an emphasis on illness, then 


questions relating to fatigue, loss of interest in family, Be ; 
sexual difficulties or sleep disturbances are more relevant. . Ut 
Finally, concern over sickness behavior can be evaluted 


by raising questions such as how frequently the subject 


uses health services, takes medicines and takes time off __ 


from work. 


The choice of which questionnaire to use is a vitalone, 


for its content must be closely related to the nature of the - 
medical condition being treated as well as to the effects of _ 
the drug or other treatment under assessment. Thus, a 


questionnaire suitable for assessment of the results of — 


therapy for mild hypertension may be totally unsuitable 
for evaluation of the overall impact of coronary artery 
surgery or renal transplantation. 

Quality-adjusted life year: Often a wide range of po- 
tential disabilities and death need to be considered. In an - 
attempt to bring together these various factors including 
mortality, the QALY has recently been introduced.® 
QALY is an index designed to take account of both the 
quality and duration of survival in assessing the outcome 
of health-care procedures or services. It is derived from a 
modification of the standard life-table methods used to. 
assess comparative outcome and the impact of various 


treatments in chronic conditions, in particular, malignant — 


disease. The important difference with QALY is the in- 
corporation of assessments of distress and disability based 
on the Rosser classification of illness states (Table II). 
Evaluations for any particular disease situation are made 
from questionnaires completed by healthy normal per- 
sons, doctors and patients and include a measure of prog- 
nosis. The QALY scale ranges from 0 = death to --1 =a 
full and healthy life. Any grading 70.9 is considered to be 
a high-quality life. 

-The assumption implicit in the QALY method is that 
for each person in any specific situation of impaired quali- 
ty of life, a reciprocal relation exists between duration and 











quality of survival. This is equivalent to posing the direct 
question to the subject, “To what extent would you accept 
a shortening of your present expectation of life as the 
price for a complete restoration of health and/or freedom 
from potential disability?” 
There are a number of significant practical difficulties 
in setting up the QALY assessment for any particular 
situation. These include the development of a set of 
-. quality adjustment fractions for the particular case, tak- 
-. ing into account the many different ways life quality can 
be impaired, and ensuring that the required ratings are 
:: based on sample questionnaires from as wide a range of 
-. the general population as possible. Despite these difficul- 
ties QALYs have been successfully used to assess out- 
come in a variety of different situations. QALYs enable 
comparative assessments (including cost/benefit) to be 
`- made between widely different treatment methods for the 
_ same condition, and potentially between different disease 
.; processes. 


" PROBLEMS AND PITFALLS IN 
QUALITY OF LIFE ASSESSMENT 
© Scientific criteria: Questionnaires must be easily un- 
derstood by patients from a range of educational and 
-cultural backgrounds. Methods used to record responses 
must take these factors into account. In addition, ques- 
tionnaires must be designed to cover the areas of interest 
d be able to detect both improvement and deteriora- 
n.? They may include visual analog scales, multiple- 
hoice questions and measures of performance, including 
-cognitive tests and activities of daily living scores (observ- 
` er-rated assessments of self care). 
| ^. Validity and reliability: Establishment of the validity 
- of measures of QOL is difficult because there is no “gold 
standard” for comparison. In a trial, validity may be 
- implied by a change in a similar direction for scores from 
-different measures of QOL (e.g., symptom reduction and 
- improvement in activity scores). Reliability of measures 
-is assessed by the consistency of test and repeated test 
results, and the degree of variability between observers of 
the same subjects and on different occasions." The 
QALY index has been shown to have a high degree of 
-repeatability and reliability. 
Patient selection: Patients entering trials are by defi- 
nition a selected group because they must be fit enough to 
- enter the trial and are likey to be compliant with their 
medication. An additional requirement for entry into 
QOL. assessment trials is their ability to complete ques- 
. tionnaires or tests. These, as mentioned previously, must 
“therefore be applicable to a wide range of patients. Place 
"and time of questionnaire completion must be standard- 
ized to avoid bias. For example, questionnaires adminis- 
tered after the completion of an exercise test in a heart 
failure trial may strongly reflect the subjects' awareness 
of their degree of measured improvement or lack of it 
during the treadmill exercise. 
“Blinding” and placebo control: Whenever possible 
patients and investigators must be blinded to the treat- 













- ment protocol and a placebo control should be used. Th 


TABLE ll Rosser Classification of lliness States Be 



















Distress 
(A) No distress 
(B) Mild 
(C) Moderate 
(D) Severe 
Disability 
. | No disability 
«| Slight social disability 
lil Severe social disability or slight impairment of performance at 
work, or both 
IV Choice of work or performance at work severely limited 
V Unable to undertake any paid employment or continue any 
education. Old people confined to home unless 
accompanied 
VI. Confined to chair or wheel chair or requiring help from 
assistant for normal mobility 
Vll. Confined to bed 
Vill Unconscious 





is as important for QOL assessment as for any other ` 
scientific evaluation. Investigators are likely to have pre- 
conceptions about the benefits and potential adverse ef- 
fects of treatments that will invalidate the assessments. 
This may also be an important factor in deciding whether 
the questionnaires should be self-administered by thé 
subject or delivered in a question-and-answer session by 
the investigator. Randomization should also be used to 
minimize bias. However, this may not overcome the 
strong differential placebo effect on "well-being" be- 
tween surgical and medical treatment, e.g., the powerful 
placebo effect demonstrated after sham internal mam- 
mary artery ligation operations for angina.!! . 

Statistical analysis of results: Evaluation of treat- 
ment effects depends on analyses before and after the 
trial. The validity of this assessment depends on the inclu- 
sion of all subjects (i.e., withdrawals and deaths) in order 
to avoid major sources of bias. This is of particular impor- 
tance when evaluating QOL in diseases with a high mor- 
tality and when comparing medical and surgical interven- 
tion in which operative mortality is obviously a significant 
adverse outcome. For example, the United Kingdom Car- 
diac Transplant Study showed a significant and probably 
not unexpected improvement in QOL in transplanted 
patients. This result, however, was based on the assess- 
ment of the 62 long-term survivors of the operation al- 
though 169 patients received transplants.!? The inclusion 
in the QALY assessment of a measure of prognosis is an 
attempt to deal with this kind of problem. 


CONCLUSIONS 

There is increasing interest in the use of QOL assess- 
ment to evaluate the outcome of treatment of a number of 
disease processes. Evaluation of QOL is difficult and is 
influenced by a variety of patient factors. A perfect meth- 
od of assessment is not available, although the use of 
QALYs has been particularly successful in comparative. 
and cost-benefit analyses. Whichever method of assess- 


- ment is used, the conduct of the investigation and adher- . 


ence to high standards of scientific clinical trials proce- 
dure are mandatory to ensure confidence i in the results. 
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Workshop Discussion 


Dr. Oakley (London, United Kingdom): Professor 
.. Williams, the economist who invented quality adjusted 
. life years (QALYs), has used them to suggest that be- 
.. cause hip replacement produces better results than coro- 
-. mary bypass surgery it should be performed i in preference 

~ tọ coronary bypass surgery. I think that is an absolute 
-travesty of the way that QALYs should be used to design 
: health economics. 
Dr. Davies (Birmingham, United Kingdom): The ini- 
ee tial database upon which QALYs was devised took into 
. account only 70 patients. Another problem with QALYs 
that more points are scored if the prognosis is altered 
if the degree of mobility is altered. Therefore, if 
mparing the outcome of an operation such as surgery 
for a strangulated hernia against coronary artery bypass 
grafting for single-vessel or 2-vessel disease (ie., one 
.. which is obviously altering prognosis against one which is 
- -alleviating symptoms), the treatment that achieves more 
|^ in terms of QALYs is the surgical procedure chosen for 
e funding. 
E Dr. Barnett (Leicester, United Kingdom): I think that 
.. QALYs as a concept is an extremely good idea. My 
concern is that they may be used by government, certain- 
in the United Kingdom, to indicate the best option 
onomically. I think that this is wrong. 
Dr. Northcote (United Kingdom): What methods 
should we use as practicing clinicians for assessing the 
benefits of drugs or other types of intervention? Should 
we be observing anaerobic thresholds and measuring lac- 
-tate concentrations, and is it really worthwhile conduct- 
D ing an exercise distance test as a matter of course? 
- Dr. Oakley: We do all the simple tests and then select 
m the more difficult ones as appropriate to the patient or to 
|». our program. Obviously we talk to the patient and exam- 
ine and weigh him as a first step. After one has performed 
the simpler tests, which include electrocardiogram, chest 
radiographs and echocardiography (which is too insensi- 
-: tive where the left ventricle is dilated), exercise testing is 
^. the most valuable criterion of change in the patient's 
. . condition, but it should be realized that the patient with 
chronic heart disease can be trained if he is well motivat- 
* edandhe will improve irrespective of any improvement in 
his heart. I think that exercise testing and measuring 
. VOjmax is probably the best means of assessing the bene- 
f t of any treatment. 
Dr. Northcote: The clinician doesn't always have ac- 
we cess. toa Cybex machine to measure VO2max. What 
:should he do in these circumstances. 
Dr. Oaldey: I think that important information can be 
gathered by talking to the patient and finding out what he 
does at home. Even better, you could spend a little time to 
. walk with him. 
Drexler (Freiburg, Federal Republic of Germa- 
think the important question is whether or not we 
















. should perform exercise testing on these patients. It 


. would be desirable to conduct exercise testing in every 


patient that we treat in the clinical setting. I also think 
that gas analysis during exercise studies would be helpful. 
However, as far as the clinical care of patients goes, it is 
probably not worthwhile because it is time-consuming, 
very expensive and not everybody has access to such a 
machine. Concerning clinical studies, I think there are à 
couple of possible ways of overcoming this problem; we 
are examining the possibility of taking serial lactate mea- 
surements during exercise and with these measurements 
determining the anaerobic threshold. Whether this mea- 
surement would help us detect very sensitive drug effects 
over a long period of time is also being considered. For the 
acute part of this study, for which we have enrolled more 
than 60 patients, there is excellent agreement between 
lactate measurements performed serially during exercise, 
and exercise capacity, anaerobic threshold and maximal 
oxygen consumption as measured with gas analysis, 
which is a much more tedious and expensive method. 
Whether this helps us to evaluate the benefits of long- 
term therapy is still unknown, because there are many 
problems in assessing whether lactate metabolism is 
changed by a drug. For example, an angiotensin-convert- 
ing enzyme (ACE) inhibitor could change lactate metab- 
olism in the liver, liver perfusion and lactate uptake. An 
ACE inhibitor could also change lactate uptake in nonex- 
ercising muscle, and this is not a real drug effect in terms 
of what would benefit the patient. So we still have to 
determine whether this would help us to assess the benefit 
of drug therapy. If lactate measurements during exercise 
prove to be a sensitive indicator, this would help us to 
perform a simple test for the potential benefit of long- 
term treatment. 

Dr. Cohen Solal (Paris, France): If you consider the 
prognosis of the patient, one has to focus on the ventricu- 
lar function. A patient with an ejection fraction of less 
than 10%, if he has a good exercise tolerance, I would 
think, has a poor prognosis, but if you deal with his daily 
life activities that is not the same as his prognosis, you 
have to deal with exercise tolerance. I think that measur- 
ing oxygen uptake is the best way of measuring exercise 
tolerance because it has a high reproducibility. Alterna- 
tively, a controlled walk test should be used. Improving 
oxygen uptake entails a delayed action, and if peak oxy- 
gen uptake is not improved in a patient it does not mean 
that the drug has had no effect. For example, diuretics 
dramatically improve the quality of life of patients, but 
they do not improve peak oxygen uptake without train- 
ing, and I think the case is the same for nitrates. For this 
reason, a submaximal exercise test would be more appro- 
priate for assessing the effect of a drug. If we are looking 
at a new drug entity and specifically want to prove that it 
is effective, then I think that all the tests discussed should 


be conducted. From the point of view of assessment in the - 2 
clinic I would agree entirely with Dr. Oakley; it iša — — 
‘matter of talking to your patient and using certain clinical 2 
judgments. | S 
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Dr. Parmley (San Francisco, California): What sort 
__ of exercise protocol should we perform and what sort of 
-exercise machine should we use? 

Dr. Cohen Solal: Concerning the machine, I think that 
the treadmill mimics the daily life activity of our patients 
more closely. However, it is more difficult to measure 
oxygen consumption with a treadmill than on a bicycle. 
Most authors consider the ramp test protocol to be the 
best method available. Maximal exercise is achieved 
more easily following this protocol and less artifacts ap- 
pear on the electrocardiogram. Concerning the submaxi- 
mal exercise test, the idea was proposed some years ago, 
but until now I am unaware of anyone having found the 
perfect end point of this exercise. 

Dr. Barnett: I tend to favor the corridor walk test. 
Patients, particularly elderly patients, cannot manage on 
treadmills very easily, because though it may mimic their 
activity, they are not accustomed to walking in this way. 
In our department, the patient walks the corridor at 
whatever rate they like for a period of 6 minutes. That I 
think is not an unreasonable compromise. 1 don't know 
what other people think but we tend to use it. 

Dr. Parmley: I think the principle that many of you 
follow is to be with the patient during the time of exercise 
and observe them in order to determine how well they are 
performing. In the patient who has severe heart failure 
with a relatively limited life expectancy and who is not a 
candidate for transplant or any other dramatic form of 
therapy, which, in your view, would the patient like 
most—a prolongation of life or an improved quality of 
life, even if it were shortened? Should drugs be given to 
patients that we know may improve short-term exercise 
tolerance, but actually have been shown to shorten life? 

Dr. Barnett: That is an impossible question to answer, 
the reason being that you have not defined your parame- 
ters. You have not defined them on the basis of age, sex of 
patient, ethnic group or country of origin. I believe that 
what may be applicable to one group of patients, may not 
be applicable to another. An 87-year-old may simply 
want to be able to walk to the shops or be able to walk 
upstairs rather than have an increased lifespan. However, 
a 35-year-old with a viral myocarditis would be more 
likely to want a heart transplant rather than drug thera- 


py. 

Dr. Parmley: The Food and Drug Administration gets 
very upset by the notion that we might give drugs that 
shorten but improve quality of life, and that is partly the 
reason I am asking the question. 

Dr. Cohen Solal: | agree entirely with Dr. Barnett, 
..and it is a problem for us, for example, for longer studies 
with enoximone and milrinone patients have improved 
quality of life during the first weeks or months, but we 
cannot prolong therapy with this drug. 

Dr. Oakley: The drug should perhaps be used just in 
the run-up to transplantation, but of course there is no 
run-up for most people, because only a small proportion 
of the patients referred for transplants in England will 
ever be transplanted. 

Speaker: What is the place for training and reeduca- 
tion of patients with severe heart failure? You have illus- 
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trated that training improves quality of life and exercise 
tolerance, but doesn't exercise training have detrimental 
effects on lung or cardiac hemodynamics or renal func- 
tion? 

Dr. Drexler: This was the study from Sullivan and co- 
workers.!? They selected the patients for this training 


program very carefully, but I don’t want toimplythat you —— 


should take all patients with severe heart failure and train 
them. Some of them will not do it, and in others it might 
be dangerous. In the clinical setting, patients tend to be 
detrained by several doctors telling them not to do any- 
thing strenuous, and in the long run this does not help 
them. On the other hand, if you are able to keep. those 
patients at a certain level of physical activity, it may 


promote structural vascular changes in the periphery; _ 
combined with therapy, the vessels may be opened up 
resulting in afterload reduction which finally unloads the . - 


ventricle and improves neurohumoral regulation. So T 
think a controlled method of increasing physical activity 
helps the patient in the long-term run. However, physical 


activity should not be overdone and patients should be ` 


carefully selected. VORNE 

Speaker: What do we actually want for the patient. . 
and what should we do for him? Why don't we just try to 
help the patient to accept what he actually can do? An- 
other point of quality of life is to accept what you have 
and this has not been mentioned so far. 

Dr. Oakley: 1 agree absolutely. A depressed patient 
with a normal heart has a very poor quality of life, if heis . 
very depressed, and many patients with heart failure are... 


and the quality of life is much lower than it would be if 

they were feeling more optimistic, irrespective of what 
they are able todo. Working on the patient's psyche could — 
add tremendously to their quality of life. I think that the 





ACE inhibitors have done a great deal for the quality of 
life over and above what they have done for the perfor- 
mance of the heart, simply because patients using ACE 
inhibitors feel better. Some of them feel slightly euphoric 
and therefore their quality of life is improved out of all 
recognition. PS 
Dr. Stiles (Durham, North Carolina): A patient pre- 
senting with a very large ventricle, a large heart and.a bad 
ejection fraction indicating severe left ventricular dys- 
function should be considered as an example. Many doc- 
tors would tell this patient not to overexert himself. How- 
ever, on a treadmill or exercise test he had a normal 


oxygen consumption and peak oxygen consumption and. ~ 


was physically active. There is good evidence that these _ 


patients should do what they want in terms of physical |: 


activity, unless they actually contract symptoms. That is 
to say they should stop exercising strenuously before they 
go too far, and many patients know how far they can go. 
We have had a program at Duke University called DU- 
PAC (Duke University Preventative Approach to Cardi- 
ology). It is for people who are at high risk of developing 
coronary disease as well as those who have coronary dis- 
ease or congestive heart failure. This program is not con- 


ducted in a hospital; it is run at athletic facilities. It isa. — 


lifestyle management approach. Patients do not come to 
the program and participate in their normal clothes; they 





| must wear iráporüs clothes, so even in the people with severe - 
A -fathers died at the age of 40; others are 70-year-olds who 


ij congestive heart failure whose total "exercise" may be 
- moving their arm several times an hour initially are made 
- to feel that they are not sick in the hospital, but that they 
are learning to function in life. It is dramatic to see how 
-people with ejection fractions of 8% improve over 6 
months to 1 year. It makes them feel as if they are 
normal, helps their depression and eventually develops 
_ their muscles. As Dr. Drexler has mentioned, you do not 
_ improve left ventricular function over time, but you im- 
prove your peripheral adaptation to exercise and improve 
_ because your muscles are more efficient, and I think that 
. this approach is a very effective one. 
Dr. Oakley: What effect does the drop-out of the 
4 patients with an ejection fraction of 8% have on the other 
- patients who still have not dropped out? 
: Stiles: That is something that is actually ad- 
_ dressed in sessions as people enroll. They all realize that 
: the g group is diverse, some of the participants are 30-year- 




























old people o are very fit but whose fathers and dard. 


have an ejection fraction of 10%. They all realize that it is 


a heterogeneous group, and that their goal is to help each 


other. People who have ejection fractions of 10% and are _ 
physically active work together with the less able partici- .- 
pants to improve themselves as a support group; they see - 
themselves as a support group providing positive feed- 
back to each other. Occasionally, participants have in- 
farcts during their training. This is unusual, but it hap- - 
pens and it is amazing to see the other participants show 
up in the hospital to give them their support. 
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IMPORTANT: See ‘Addendum’, page 54C. 


. | Xamoterol, a new f; partial agonist, has the poten- 
tial to modulate cardiac response to variations in 
50s. sympathetic tone in patients with heart failure. Its 
properties should result in 8-receptor stimulatory 
5 v effects at low levels of sympathetic tone and 8-re- 
-ceptor protective effects at higher levels of sympa- 
_ thetic tone. The acute effects of intravenous (i.v.) 
.. xamoterol on hemodynamics at rest and during ex- 
ercise were studied in 30 patients with mild to 
moderate heart failure (13 patients in New York 
Heart Association class Il; 17 in class Ill) due to 
ischemic (n = 24) or cardiomyopathic (n = 6) heart 
disease. Cardiac index, stroke volume and stroke 
` work index at rest were significantly improved af- 
< -ter i.v. administration of xamoterol and consistent 
with net agonist effects. During exercise, heart rate 
.and double product were significantly reduced (net 
antagonist effects), but with preservation of the ex- 
`: pected increases in cardiac index and systolic blood 
. pressure. These hemodynamic findings confirm the 
ability of xamoterol to modulate cardiac response 
to variations in sympathetic tone. Tachyphylaxis 
and arrhythmogenicity limit the chronic use of 
drugs with full B-agonist properties as positive ino- 
tropes in heart failure. The patients were therefore 
entered into a G-month double-blind, placebo-con- 
trolled, crossover study of chronic oral xamoterol 
therapy, 200 mg twice daily, and the hemodynamic 
‘responses to i.v. xamoterol were repeated at the 
end of the trial. No impairment in either resting or 
exercise effects was observed, indicative of a main- 
tained response and absence of tachyphylaxis after 
chronic therapy. Furthermore, 24-hour ambulatory 
t selectrocardiographic monitoring showed no change 
in ventricular arrhythmias during oral treatment. In 
Uc. mild te moderate heart failure, xamoterol improves 
. cardiac performance at rest and during exercise, 
- ^; the changes being consistent with its pharmacolog- 
.. ic profile. There was no evidence of tachyphylaxis 
= or exacerbation of ventricular arrhythmias after 
chronic oral therapy. 
(Am J Cardiol 1991;67:48C-54C) 
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in heart failure as a normal compensatory mecha- 
nism, with norepinephrine providing natural en. 
dogenous inotropic support to the failing heart.'^ The 
final common pathway regulating contraction (B-recep- s 
tor/adenylcyclase/cyclic adenosine monophosphate sys- 
tem) needs to remain intact to enable the heart to main- 
tain the same level of response to circulating catechol- 
amines. However, it is now well recognized that chronic. 
sympathetic nervous system overactivity seen in heart 
failure has deleterious effects on this pathway leading to — 
B-receptor down-regulation.!^ This loss of -receptor — 
function or number subsequently deprives the heartofits —— 
ability to respond to inotropic support explaining the clin- | 
ical findings that plasma norepinephrine concentration _ E 
correlates with prognosis*!? and that progressive heart 
failure occurs despite therapy with therapeutic regimens: 
that do not influence, or that increase, sympathetic drive. 
Furthermore, enhanced 8-receptor down-regulation. re- 
sulting from exogenous inotrope therapy would explain 
the frequent occurrence of tachyphylaxis to suc 
agents,'? and would also explain why no inotrope im- 
proves, and why some worsen, prognosis.6-!3 Conversely, 
angiotensin-converting enzyme inhibitors have been _ 
shown to improve prognosis;'? this may be due, atleastin |. 
part, to their ability to provide vasodilatation associated . 
with reduced, rather than increased, sympathetic drive. ^. 
with a consequent restoration of -receptor function, ® 
Similarly, the apparent paradoxic use of B antagonistsin | 
severe heart failure aimed at protecting -receptor func- 
tion has been shown to have beneficial effects in selected 
groups of patients.?!-?? However, removal of sympathetic 
support when pure @ antagonists are being administered 
to patients with heart failure is potentially hazardous. — 
Xamoterol is a cardioselective 6, partial agonist with — 
43% of the intrinsic sympathomimetic activity of the full — 
agonist isoprenaline.?^ This novel profile provides the po- t3 
tential to modulate the cardiac responses to variations in _ 
sympathetic tone. At relatively low levels of sympathetic 
tone, such as at rest in mild to moderate heart failure, uon 
occupancy of the 8 receptor by xamoterol should resultin — 
a net agonist effect. However, at higher levels ofsympa- .. 
thetic tone, occurring during exercise, a net antagonist - : 
effect should predominate because of competitive inhibi- 
tion of norepinephrine at the receptor level. This study — 
reports the hemodynamic effects of xamoterol in patients 
with mild to moderate heart failure at rest and during 
exercise, and was designed to determine whether this 
profile of net agonism/antagonism, dependent on the 


T= sympathetic nervous system is activated early 







background level of sympathetic tone, occurs. The effects 
of xamoterol on ventricular arrhythmias and its potential 
to prevent the development of tachyphylaxis resultant 
on the stabilization of 6-receptor stimulation is also 
examined. 


METHODS 

Patients: The study group consisted of 30 patients (27 
men, 3 women, mean age 60 + 2 years, range 40 to 73 
years) with mild to moderate heart failure (New York 
Heart Association class II [n = 13]; class III [n = 17]) 
due to ischemic (24 patients) or cardiomyopathic (6 pa- 
tients) heart disease. During the study, concomitant ther- 
apy with xamoterol consisted of digoxin (12 patients), 
vasodilators (nitrates, calcium channel antagonists or 
ACE inhibitors, 16 patients) and diuretics (frusemide 
and/or amiloride, 28 patients). 

All patients underwent a symptom-limited exercise 
test on a bicycle ergometer | to 2 weeks before their initial 
hemodynamic study to determine their exercise capacity. 
The initial work load of 25 watts was maintained for 3 
minutes and then increased by 25 watts every 3 minutes. 
The patients were selected on their ability to complete a 
minimum of 3 minutes of this exercise protocol with 
dyspnea as their limiting symptom. 


STUDY PROTOCOL 

Initial invasive hemodynamic assessment: A thermo- 
dilution Swan-Ganz catheter was inserted through the 
right subclavian vein and an intraarterial cannula was 
sited percutaneously into the right brachial artery. All 
hemodynamic measurements were obtained with the pa- 
tient in a semirecumbent position at 25° from the verti- 
cal. Hemodynamic variables at rest were recorded 1 hour 
after catheter insertion. The patient then performed a 
symptom-limited bicycle exercise test, with hemodynam- 
ic variables recorded during the last 30 seconds of each 
stage. Left ventricular ejection fraction was measured by 
radionuclide technetium-99m scanning at rest and during 
the last 2 minutes of each 3-minute exercise stage. Ther- 
modilution cardiac output was determined in triplicate. 
The patients were then allowed to rest for 4 hours and at 
the end of this period hemodynamic measurements at rest 
were recorded again, before and 15 minutes after intrave- 
nous (i.v.) administration of xamoterol, 0.2 mg/kg. The 
exercise test was then repeated as mentioned before. 

Chronic oral dosing: After these initial hemodynamic 
assessments the patients were entered into a 6-month, 
placebo-controlled, double-blind, crossover study of oral 
xamoterol, 200 mg twice daily. 

Final hemodynamic assessment: At the end of the 
chronic oral dosing phase, and after a 72-hour washout 
period, the hemodynamic assessments at rest and during 
exercise before and after i.v. administration of xamo- 
terol, 0.2 mg/kg, were repeated in the same manner as 
mentioned. 

Twenty-four-hour ambulatory electrocardiography: 
Ambulatory electrocardiographic monitoring (Oxford 
Medilog 4000 II) was performed in all patients before the 
initial hemodynamic assessment and repeated in the last 
week of each treatment phase during oral therapy. Mean 


hourly heart rates over the 24-hour period were obtained 
directly from computer analysis (Oxford Medilog 4500). 
The mean hourly ventricular ectopic frequency and ar- 
rhythmia classification were analyzed by direct visual 
analysis of each 24-hour disclosure. 

Statistical analysis: The significance of differences 
was analyzed using Student's t test for paired observa- 
tions. Values are expressed as mean + standard error of 
the mean; p <0.05 was considered significant. 


RESULTS 

Initial hemodynamic assessment: In patients at rest, 
i.v. xamoterol induced a small but significant decrease in 
heart rate (78 + 3 to 74 + 2 beats/min, p <0.05) associ- 
ated with significant improvements in cardiac index (2.51 
+ 0.15 to 2.80 + 0.14 liters/min/m"?, p <0.001), stroke 
volume (62 + 4 to 75 + 5 ml/beat, p <0.001) and stroke 
work index (42.4 + 3.6 to 47.7 + 3.9 g-m/beat/m?, p 
<0.01). Systolic blood pressure was maintained (148 + 4 
to 142 + 4 mm Hg) with a small but significant decrease 
in diastolic blood pressure (87 + 2 to 81 + 2 mm Hg, p 
<0.01) and systemic vascular resistance (1,990 + 141 to 
1,699 + 112 dynes/s/cm?, p <0.01). There were no sig- 
nificant changes in either pulmonary artery wedge pres- 
sure (13.7 + 1.5 to 13.5 + 1.5 mm Hg) or ejection 
fraction (35.2 + 2.9 to 35.0 + 3.0%). Double product at 
rest was significantly reduced (1,146 + 46 to 1,051 + 41 
mm Hg/min X 107!; p «0.05). 

During exercise, the most significant observation after 
i.v. xamoterol administration was a reduction in exercise 
heart rate (112 + 4 to 97 + 3 beats/min, p <0.001). 
Despite this attenuation in heart rate the expected in- 
creases in cardiac index and systolic blood pressure dur- 
ing exercise were maintained (4.61 + 0.27 to 4.70 + 0.27 
liters/min/m? and 166 + 6 to 164 + 5 mm Hg, respec- 
tively). This preservation in cardiac index at lower heart 
rates was due to maintenance during exercise of the sig- 
nificant improvements in stroke volume observed at rest 
(81 + 6 to 95 + 7 ml/beat, p «0.001). Similarly left 
ventricular stroke work index was significantly improved 
on exercise after i.v. administration of xamoterol (56.6 + 
5.6 to 62.3 + 5.3 g-m/beat/m", p <0.05). Because of the 
effects on heart rate, exercise double product was signifi- 
cantly reduced (1,864 + 92 to 1,599 + 76 mm Hg/min X 
107; p <0.01). Exercise time increased by 10% (424 + 
21 to 463 + 25 seconds), although this just failed to reach 
significance (p = 0.06). There was no significant change 
in exercise ejection fraction (37.0 + 4.0 to 39.2 + 4.5%). 

Chronic oral dosing: Four patients were withdrawn 
from the study during the chronic oral phase. In 3 pa- 
tients this was due to progressive heart failure during the 
first phase of the study. All 3 patients were receiving 
placebo in addition to their normal therapy. The fourth 
patient was withdrawn from the trial because of head- 
aches occurring after placebo during the second phase of 
the protocol. 

Final hemodynamic assessment: For technical rea- 
sons full resting and exercise hemodynamics were only 
available in 23 of the 26 patients who completed the 
chronic oral dosing phase of the study. The hemodynamic 
indexes at rest, before rechallenge with i.v. xamoterol 
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A SYMPOSIUM: PROCEEDINGS FROM THE SECOND INTERNATIONAL HEART FAILURE WORKSHOP 


TABLE I Ventricular Arrhythmias During Chronic Oral 
Xamoterol Therapy (200 mg twice daily) 


Baseline Placebo Xamoterol 


Mean hourly 56 + 42 18+7 30+ 17 
ventricular ectopics 
(beats /hour) 

Complex forms 
(no. of pts.) 

Ventricular tachycardia 


(no. of pts.) 


19 of 26 19 of 26 20 of 26 


4 of 26 6 of 26 5 of 26 


were similar to those at the initial assessment. After 
chronic oral xamoterol therapy, i.v. xamoterol, 0.2 mg/ 
kg, again resulted in a small, but on this occasion nonsig- 
nificant, decrease in heart rate at rest (78 + 4 to 75 + 3 
beats/min). Cardiac index at rest was again significantly 
improved (2.6 + 0.2 to 2.8 + 0.2 liters/min/m?, p <0.05) 
as a result of significant improvements in stroke volume 
(67.1 + 4.9 to 74.6 + 5.6 ml/beat, p <0.01). The effects 
of i.v. rechallenging with xamoterol on exercise hemody- 
namics were also the same as before chronic oral xamo- 
terol therapy. There was a marked attenuation in exercise 
heart rate (110 + 5 to 96 + 4 beats/min, p <0.001) with 
preservation of the expected increases in cardiac index 
(5.1 + 0.3 to 5.0 + 0.3 liters/min/m?) and systolic blood 
pressure (183 + 7 to 178 + 8 mm Hg, difference not 
significant) due to significant improvements in exercise 
stroke volume (91.3 + 6.5 to 104.4 + 8.6 ml/beat, 
p «0.01). 


* 
** 


Mean hourly heart rate (beats/minute) 








Twenty-four-hour ambulatory electrocardiography: 
A complete series of 24-hour ambulatory recordings was 
obtained in all 26 patients. All but 1 patient had ventricu- 
lar ectopic activity. The mean hourly ventricular ectopic 
frequency before xamoterol therapy was 56 + 42 ventric- 
ular ectopic beats/hour. Nineteen patients had complex 
forms (multiform ventricular ectopies, pairs, nonsus- 
tained ventricular tachycardia). During chronic oral 
xamoterol therapy, there was no significant change in the 
mean hourly ventricular ectopic frequency or the pres- 
ence of complex ventricular arrhythmias (Table I). 

Oral xamoterol therapy resulted in a stabilization of 
the variations in heart rate during each 24-hour period. 
During the daytime and periods of activity, the mean 
hourly heart rates were reduced, whereas at rest during 
the night the mean hourly heart rates were increased 
(Fig. 1). 


DISCUSSION 

Intravenous xamoterol results in significant improve- 
ments in cardiac index, stroke volume and left ventricular 
stroke work index at rest, which are consistent with a net 
agonist effect when sympathetic tone is relatively low. 
Similar results have been reported in other smaller stud- 
ies assessing some of the hemodynamic parameters re- 
corded here.*>-*4 In this study, hemodynamic improve- 
ments were associated with a small but significant de- 
crease in heart rate at rest. In other studies, small 
increases in heart rate have been observed and overall the 
absolute change in heart rate will be determined by the 


— Xamoterol 
--- Baseline 


p < 0.05 
p < 0.01 
*** p< 0.001 
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FIGURE 1. The effect of oral xamoterol, 200 mg twice daily, on the mean hourly heart rate over 24 hours using ambulatory 
electrocardiographic monitoring 
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; FIGURE 2. Relation between heart rate and stroke volume at 


terol, 0.2 mg/kg. Values are mean + standard error of the 








level of background sympathetic tone in individual 
. patients. 
-The marked attenuation in heart rate during exercise 
5 after xamoterol treatment is consistent with a net antago- 
-nist effect when sympathetic tone is raised. However, this 
-< was not at the expense of other hemodynamic parame- 
< ters; expected cardiac output and systolic blood pressure 
increases during exercise were maintained due to contin- 
. ued improvements in stroke volume. These observations 
“concur with the few other studies reporting the effects of 
xamoterol on exercise hemodynamics, when the most sig- 
nificant effects seen are attenuations in exercise heart 
- rate.528294 If the hemodynamic changes at rest and 
during the different stages of the exercise protocol are 
- analyzed, then for any given heart rate, stroke volume is 
. improved (Fig. 2) and for any given filling pressure, left 
. ventricular stroke work index is increased (Fig. 3). 
<o The hemodynamic profile reported in this study is 
- consistent with the dual effect of xamoterol, which is 
ndent on the background level of sympathetic tone 
. andits ability to modulate cardiac responses to variations 
. in sympathetic activity. The effects on mean hourly heart 







. rate confirm this dual effect, with an overall reduction in 
heart rate during the daytime when the patient i is active 





. patient group monitored by 24-hour ambulatory electro- 
| cardiography demonstrated the common finding of fre- 
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FIGURE 3. Relation between stroke work index and pulmo- 


nary capillary wedge pressure, at rest and during exercise, ^. 
before and after intravenous xamoterol, 0.2 mg/kg. Values . 
are mean + standard error of the mean. 


and sympathetic tone is increased. The mean hourly heart 
rate when at rest during sleep is increased when sympa- 
thetic nervous system activity is reduced (Fig. 1). 

The significant reductions in double product both at 
rest and during exercise are important associations: 
with the improved hemodynamics after i.v. administra- - 
tion of xamoterol, since in many cases heart failure is due . 
to ischemic heart disease. 

Unlike many other drugs with positive inotropic prop- 
erties used in the treatment of heart failure, xamoterol 
showed no evidence of tachyphylaxis in either the agonist 
effects at rest or the antagonist effects during exercise- 
after chronic therapy. Similar cardiac function was ob- 
served before and after i.v. dosing at the final assessment 
compared with the initial assessment. This lack of tachy- 
phylaxis may be related to the potential to preserve 
B-receptor function?’ due to stabilization or to modula- 
tion of the degree of receptor stimulation, with xamoterol ` 
providing “agonist-support” and "antagonist-protection" - 
depending on the level of sympathetic drive to the failing - 
heart. 

In patients with heart failure, approximately 50% of 
deaths are sudden and presumed to be arrhythmogenicin =. 
origin? Many therapeutic agents, but particularly those — 
with inotropic properties, have the propensity to increase 
ventricular arrhythmias, thereby seriously limiting their — 
usefulness and potentially increasing mortality.!°>’ This 





: ventricular ectopic activity in association with — 
bean failure. Despite the beneficial hemodynamic effects P 
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andi inotrop properties of xamoterol, this was not at the 
expense of an increase in ventricular arrhythmias. 


CONCLUSION 
_ Xamoterol improves cardiac function at rest and dur- 
ng exercise in patients with mild to moderate heart fail- 
ure. These hemodynamic and ambulatory electrocardio- 
graphic data support the pharmacologic profile of net 
agonist/antagonist effects depending on the underlying 
~ level of sympathetic tone. Chronic oral therapy was not 
associated with significant adverse effects or any increase 
: in ventricular arrhythmias, and there was no evidence of 
tachyphylaxis associated with either the agonist or antag- 
onist effects. The ability to modulate cardiac responses to 
variations in sympathetic tone occurring at rest and exer- 
cise in patients with heart failure may be beneficial in 


] ^ preserving B-receptor function and thus maintaining 


therapeutic responsiveness. 
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Dr. Mcinnes (United Kingdon): You showed uncon 
trolled data illustrating the effect of xamoterol beforeand _ 
after administration. Why did you choose to study these 
important responses in this uncontrolled manner? You _ 
then conducted a well-controlled study, but did not actu- 
ally show us any results. Why was that? Us 

Dr. Davies (Birmingham, United Kingdom): By un- 






- controlled I presume you mean that the acute intravenous 





dosing was not performed in a double-blind fashion. The 
reason was that these patients had been instrumented 
_ with Swan-Ganz catheters and intraarterial lines. Their 
responses to a similar volume of injectate was already 
determined in relation to their hemodynamic studies. 
^o. Dr. Mcinnes: I was not concerned about the study not 
being double-blind. I do not think that with objective end 
. points this matters greatly, but the sequence effect is 
something you have to bear in mind, and more patients 
were given treatment than were not given treatment. 
Dr. Davies: Although I have not presented all the 
tachyphylaxis data, I have actually analyzed it in exactly 
the same manner as you are suggesting, depending on 
whether patients received placebo last or xamoterol last, 
and there was no effect of sequencing. 
Dr. Mcinnes: I take it then that there was a beneficial 
- effect of xamoterol in the long-term study. 
Pr. Davies: Indeed. I have shown you the group data; 
I could show you virtually the same data with the same 
statistics if you compared those who received xamoterol 
- Jast to those in the initial hemodynamic exercise test. 
Dr. Drexler (Frieburg, Federal Republic of Germa- 
ny): What was the wedge pressure during exercise after 
long-term treatment? The reason why I ask this is be- 
“cause, in your studies, the cardiac output during exercise 
< did not change after long-term treatment, and, at least in 
| the acute study, wedge pressure during exercise did not 
. change. What is the reason for this finding and why do 
ou think exercise tolerance is improved? 
C Dr. Davies: One of the reasons that exercise tolerance 
improves is because the heart rate is reduced; hence, the 
double product is decreased and the degree of myocardial 
oxygen demand reduced. On the basis of the etiology of 
: heart failure in this group of patients being ischemic heart 
;; disease, I think that is probably a major reason why they 
were able to exercise for longer; they are actually exercis- 
ing at much lower heart rates. Xamoterol also affects 
cardiac filling which was not assessed during this study. 
Although other researchers have demonstrated a long- 
term adaptation in the wedge pressure response to exer- 
cise, we did not. 

Dr. Camerini (Italy: Were there any important side 
effects after intravenous injection of xamoterol? 

Dr. Davies: One of the 30 patients in the trial experi- 
enced an increase in dyspnea 48 hours after his first 
hemodynamic exercise test. He then responded to an 
intravenous dose of diuretic after which there were no 
further problems. Whether the increased dyspnea was 
related to intravenous xamoterol treatment is difficult to 
‘establish because it occurred 48 hours after receiving an 

intravenous dose of the drug. I have studied hemodynam- 
ic responses after oral dosing with xamoterol, 200 mg, in a 
group of 12 patients with severe heart failure (i.e., severe 
heart failure despite the concurrent therapy that they 
were receiving). Only 1 patient suffered any adverse ef- 
- fect and, interestingly, his hemodynamics were different 
- from other patients because he had a marked resting 
tachycardia, and may well have been running on a chron- 
z otropically ‘driven heart with very little inotropic reserve. 






So, in answer to your question directly, no, there were no 
problems with the intravenous dosing. However, as you 
know, xamoterol is contraindicated in patients with more 
severe grades of heart failure since such patients may be 
critically dependent on all their cardio-sympathetic tone. 
Speaker: Do you know if there is a relationship be- 
tween the clinical response to xamoterol and the concen- 
tration of catecholamines in the blood? i 
Dr. Davies: Whether there is a net negative or a net- 
positive chronotropic effect is reported by Sato et al. In 
this study the effect of xamoterol changes from net ago- 
nism to net antagonism at a norepinephrine concentration 
of between 400 and 500 pg/ml. In our study population, 
the mean norepinephrine concentration was approxi- 
mately 450 pg/ml. Therefore, the dominant effect of 
xamoterol depends on the plasma concentration of nor- 


epinephrine in individual patients. The heart rate re- 


sponse observed was dependent on the degree of severity 
of heart failure and the degree of activation of the sympa- 
thetic nervous system. The important thing in successful- 
ly treating patients with this novel approach is that the 


heart is not left without a degree of agonist support (ie. = 


there is always a background level of agonist activity). 
Treatment in this way provides agonist activity when 
sympathetic tone is relatively low; this also prevents the 
deleterious effects of excessive sympathetic drive with 
activity. 

Dr. Oakley (London, United Kingdom): You men- 
tioned that the patient who was running on a chronotropi- 
cally driven heart was perhaps least likely to benefit from 
xamoterol. In fact, these are the very patients who bene- 
fited most from the use of straightforward 8 blockers in - 
trials conducted in Sweden before they extended the trials 
and saw a benefit in some patients whose resting heart 
rates were normal. How do you explain this? 

Dr. Davies: What I really wanted to indicate was that 
this patient received a standard dose of the drug. 

Dr. Oakley: I don't understand that either. It seems 
odd to be able to administer xamoterol, 200 mg twice a 
day, rather than to titrate it as one would with metoprolol. 

Dr. Davies: That is exactly the point I am making. 
The patient received a standard dose in terms of the . 
normal dose that produces these beneficial effects. If this 
sort of drug is used in a patient with a chronotropically 
driven heart, where the 8-antagonist activity of xamoterol 
would predominate, then it should perhaps be adminis- 
tered at much lower doses initially in a similar manner to 
the Swedish 8-blocker studies.! Our experience in severe 
heart failure and hemodynamics is very limited at pres- 
ent, and the important point is to think about the patient 
who may not do well on a standard dose in severe heart 
failure. We all obviously know that the compound is only 
currently marketed for mild heart failure and is contra- 
indicated in the severest forms. 

Dr. Kupper (Hamburg, Federal Republic of Germa- 
ny): During the chronic oral treatment periods in your 
study, there were 4 withdrawals with placebo during 
the first 3 months and no withdrawals during the sec- 
ond placebo period. Would you suggest any training _ 
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 xamoterol? . 
Dr. Davies: Whether the patients effectively benefited 
_in the second 3 months while on placebo because of the 
events occurring during the first 3 months while on xamo- 
terol, I don't know. Certainly no patients had hemody- 
namic problems during the second phase while on place- 
bo, though 1 patient withdrew due to headache. The 3 
-withdrawals due to progressive heart failure all occurred 
in the first phase during which time all patients were 
receiving placebo in addition to their normal medication. 
Speaker: As most of your patients were coronary pa- 
“tients, did you analyze the ST changes during the test 
with and without xamoterol? 
Dr. Davies: No, we did not. There is a study showing 
that in patients with ischemic heart disease and treated 
.. With xamoterol, a pronounced improvement in ST-seg- 
ment change and time to ST-segment change occurs, but 
,we did not study that in this group of patients. 
Dr. Hori (Japan): Regarding the issue that xamoterol 
enhanced the inotropic effect during resting conditions, 
‘do you think it is necessary to enhance inotropism during 
the resting state? I think that in terms of exercise toler- 
ance sympathetic drive is only necessary during exercise, 
and that xamoterol depressed the inotropic effect as well 
as the chronotropic effect. So, in terms of exercise toler- 
-ance the effect of xamoterol is inverted. Do you agree? 
Dr. Davies: It is important to improve the patient’s 
hemodynamics if possible at rest, and achieve an im- 
proved cardiac output and a decrease in systemic vascular 
resistance. Peripheral vasculature is perhaps the most 
important factor in patients with heart failure and that 
;though central hemodymamics are also a problem, they 
may not be as important. With xamoterol treatment, the 
- patient's resting systemic vascular resistance and resting 
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ied such as as occurs with dobutamine therapy for ; ‘cardiac output is improved. As illustrated in my presenta- 





tion, the fall in systemic vascular resistance may besecon- __ 
dary to the improved cardiac output. You may find, 
therefore, that tissue perfusion may have improved. In 
patients with class II and III heart failure, I feel that itis — — 
important that their resting hemodynamicsareasgoodas — 
possible, and to improve on this when they exercise. One —__ 
of the problems with exercise is, of course, that excessive — 
sympathetic drive upsets stroke volume because the pa- 
tient's heart rate increases. They then get further myocar- 
dial oxygen demand with all that follows, particularly if 
they have ischemic heart disease. 

Dr. Hori: Which is greater: the antagonistic or the 
agonistic effect of xamoterol? Which is more important, . 
do you think, particularly for the patient with cardiac ps 
failure? in 

Dr. Davies: Both effects are important. Intermsofthe 
overall possibilities on receptors and receptor function, 
one of the more important aspects would be to provide the 
patient with continuing inotropic support, but not 
by purely adding to the excessive receptor stimulation. 
throughout the range of sympathetic drive. Hopefully in... 
future observations, an effect on 8-receptor function will 
be seen. 


REFERENCE E 
1. Swedberg K, Hjalmarson A, Waagstein F, Wallentin 1. Beneficial effects of... 
long-term beta blockade in congestive cardiomyopathy. Br Med J 1980,44:11 78. vp 
173. 







ADDENDUM: Subsequent to this manuscript being writ- . 
ten, changes were made to the prescribing information 
for xamoterol, restricting its use to patients with mild — 
heart failure only. 


